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23 aru ns egende und 
92032Ne Buch uber 
tau, Funktion und An- 
cengen von integrierten 
L-Schaltungen ist konkur- 
‘as auf dem deutschen 
st. Ud noch dazu in 
sutscner Sprache. Es ist be- 
u einem unentbehrli- 
» Begteiter und Ratgeber 
i2’e@ Labor-, Entwicklungs- 
unc Service Ingenieure bzw. 
-Tecnniker geworden, die mit 
den Entyeurf, der Ausfuhrung 
ung Wartung von digitalen 
‘Matsystemen und Steuerun 
gen éu tun haben. Aber auch 
Oozenten, Studenten sowie 
choischen Einkaufern 
ittet aieses Arbertsbuch 
5 “dissenswerte uber TTL 
vaiturgen, da es nicht nur 
heute, sondern auch fur 
gen von Tl-Aoplkations. 
“ere gescnrieben wurde. 
ste-lt Garuber hinaus in die- 
se Form ein umfassendes 
nicnlageverx dar, das auch 
gen Fachleuten in den unter 
schicdlichsten Industriebran- 
chen, ae 2.B. Wernzeug- und 
Te schinendau, Uhren- 
Industrie, Verfahrensindustrie, 
Flug- und Wenrtecnnik, Kame- 
fabau, Telenommunikation, 
Datenverarbeitung und Daten- 
effassung, Medizinische Tech. 
nit, uses, Jaber hiift, fur neue 
oder alte Probiemu neue Lo- 
sungsvage Zu finden, 


Das TTL-Kochbuch ist in 14 
Kapitei aufgegliedert, die 
nachfolgend genannt sind 


Kapitelubersicht: 


1, 


Halbleiter-Physik, Wir- 
kungsweise des Transistors, 
Hersicltung von integricr- 
ten Schaltungen, 
Datenblatter, Erlauterun- 
gen der Fachterminologie, 
der Symbole und Mafsein- 
hesten, 


Storverhalten der TTL- 
Schaltungen, Hinwerse 
zum Aufbau, 
Mathematische Grundla- 
gen. Boole’sche Algebra 
Inteqgnerte Schaltungen 

In Beisp.elen: Anlentunag 
zum Aufl. u verschiede 
ner eonfacher Schaltungen, 
Zuhler und Terler, 
Schieberegister, 

Decoder und Multiplexer. 
Oisplays: alphanumerische 
Anzeigen. 


. Halbleiter-Speicher, 
. Rechenschaltungen: Funk- 


tion und Rechnen in ver- 
schiedenen Zahlen-Codes. 


Datenubertragung. 
MOS. Interface. 


. Applikationen von inte- 


gnerten Schaltungen (Netz- 
gerate, Digitaluhr, Analog/ 
Digital- und Digital/Ana- 
log-Umsetzer, digitale 
Fernsteuerung, digitales 
Multiplizierwerk, Schritt- 
motor-Steuerungen usw.) 


Solid-State 
Electronics 


Robert G. Hibberd 


170 Seiten - 90 Abbildungen - In engl. Sprache 


Oieses einzigartige Buch stellt 
die Prinzipien der Halbleiter 
auf eine ungewohnliche Art 
dar: Es werden das Halbleiter- 
Verhalten nach einem auto- 
matischen Mafgstab erklart, 
die Eigenschaften von reinen 
und dotierten Halbleitern auf- 
geluhrt, die einzelnen Stufen 
der Herstellung und Pritung 
von Halbteiter-Baustoffen be- 
schnieben, die Funktion und 
die elektrischen Eigenschaften 
uiner P-N-Ubergangszone eben- 
so crlautert wie die Funktion 
des Transistors und die Art, 
wae ein elektrisches Signal ver- 
starkt werden kann, Das Buch 
enthalt auRerdem (nformatio- 
nen uber Grenz- und Betriebs- 
daten sowrte uber Faktoren, 
die die Eigenschaften eines 
Transistors bilden, Zusammen- 
gesetzte Halblemter-Baustoffe 
werden in Listenform angege- 
ben und es wird erklart, wie 
der Einsatzbereich von Halb- 
levter-Bauelementen zu erwei- 
ternist. Die Grundfunktionen 
eines Transistors als Verstar- 
ker und alternative Schaltungs- 
anordnungen sind kurz be- 
schrieben und die ganzen Fa- 
milien der Halbleiter-Bauele- 
mente, dre durch den Tran- 
sistor realisierbar wurden, an- 
gesprochen. Konzepte und 
Herstellungsver fahren von 
integererten Schaltungen wer- 
den in Belracht gezogen und 
deren Vorteile bei der An- 
wendung sowie Werlerent- 
wicklungen, die 2u erwarten 
sind, besprochen, 


Der Inhalt ist klar verstand- 
lich und auch tur Leser geeig- 
net, die sich in die Halble:ter- 
technik einarbeiten wollen. 
Zu jedem Kapitel kommen 
sowohl Inhaitsangaben als 
auch textbezogene Fragen 
und Probleme, die einem 
selbstandigen Studium dienen. 


Inhalt 

@ Halbleiter-Grundliagen 

@ Ejigenschaften der Halb- 
leiter 

@ Vorbereitung der Halb- 
leiter-Baustoffe 

@ Der P-N-Ubergang 

@ Der Flachentransistor 
Eigenschaften und Bezugs- 
werte 
Transistor-Verstarker- 
Grundschaltungen 
Herstellung und Prufung 
von Transistoren 
Zusammengesetzte Halb- 
leiter-Baustoffe 
Andere Halbleiter-Bauele 
mente 
Grundlagen der integrier- 
ten Schaltungen 
Trends bei integrierten 
Schaitungen 


Robert G. Hibberd 
177 Seiten - 133 Abbiidungen - 


Ain 


D:é Zenehmende Verknupiung 
cer einzeinen Industriezweige 
macnt es erforderlich, daf je- 
der ingen.eur, nicht nur der 
tron:k-Ingenieur, uber 
d&xenntnisse der Halbles- 
i@ktronmik und integrier- 
ten Schaitungen verfugt. Er 
m3 :nformiert sein uber den 
Siacd der Technik und uber 
<u7ttge Trends, damit er die 
gie.cne Sprache wie die IC- 
Experten sprechen und die 
Moglichkeiten, die integrierte 
Scraltungen anbieten, in 2u- 
verlassige und gewinnbringen- 
ce Produkte verwandeln kann. 
D.zses Buch enthalt dafur die 
sotwendigen Grundlagen, 


Es ist ubersichthch aulgeteilt 
.n zenn Kapitel und bietet den 
ingenieuren in allen Industrie- 
é2veeigen die Moglichkeit, die 
verschiedenen integrierten 
Schaltungen, ob digital, linear, 
oipolar, MOS, MSI oder LSI. 
und shre Anwendungen zu ver- 
stehen. Den leicht verstandli- 
chen Lehrstoff dieses Buches 
— €:ne Fortsetzung des TI- 
Fachbuches “Solid-State Elec 
tronics”, sollte jeder Techniker, 
der auf dem Gebiet der Elek- 
tronik tatig ist, einmal gelesen 
haben 


In engl. Sprache 


Inhalt 
e 


Auswirkungen durch die 
Einfuhrung integrierter 
Schaltungen 


Halbleiter-Technologie 
IC-Technologie 

Digitale Logik-Schaltkrcise 
Digitale IC’s 
Grundeigenschaften line- 
arer IC's 

Standard- Katalog inte- 
grierter Schaltungen 
Integrierte Elektromik- 
Bautcile 

Anwendungen integrierter 
Schaltungen 

Integrierte Schaltungen in 
elektronischen Regelungs- 
applikationen 


Besteli-Nr. AM 102 
Preis: DM 37,00 


Field-Effeet 
Transistors 


L.J. Sevin 


138 Seiten - 137 Abbildungen - In engl. Sprache 


Dieses Buch — das erste, das 


ausschlieBlich Feldeflekt-Tran- 


sistoren gewidmet ist — um- 
fa&t Theorie, Kanstruktions- 
philosophie und praktische 
Applikationen. Nach einer 
Darstellung der physikalischen 
Theorie auf der Basis der Max- 
wellschen Gleichungen wird 
ein lineares Muster verwendet, 
um das Schaltkreis-Verhaiten 
eines FET’s zu beschreiben, 
Die elektrischen Eigenschaf- 
ten eines FET’s, dic in Schalt- 
kreis-Applikationen von gros- 
«er Bedeutung sind, werden 
sehr genau erlautert. Typische 
Applikationen von FET’s 
werden beschricben und 
durch Stromlaute erklart. 


Obwobhl der Feldelfekt-Tran- 
sistor schon vor dem Punkt- 
kontakt-Transistor erfunden 
wurde, ist er erst vor ein paar 
Jahren zu einer kommerziel- 
len Realitat und seine beson- 
deren Eigenschaften — denen 
einer Vakuumrohre ahnlicher 
als denen cines herkommli- 
chen Halbleiter-Bauelements 
— werden jetzt durch Schal- 
tungsentwickler mit Phanta- 
sie verwertet. Mit dem Inhalt 
dieses Buchs im Hintergrund 
kOGnnen Sie auch diese Bau- 
elemente effektvoll einsetzen. 


Inhaltsiibersicht 

Theorie des Unipolartransis- 
tors 

FET-Eigenschaften 

Der FET in linearen Schalt- 
kreisen mit niedrigem Span- 
nungspegel 

Der FET in nichtlinearen 
Schaltkreisen 

Der Leistungs-FET 

Der FET in integrierten Schal- 
tungen 

Weitere Applikationen 


Field-Effect 


Transistors 


hoes a 


== 


Bestell-Nr. AM 103 
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MOSFET 
in Circuit Design 


Bestell-Nr. AM 104 
Preis: DM 42,00 


MOSFET in 
Circuit Desion 


Robert H. Crawtord 
136 Seiten - 100 Addiidungen 


Aves ude: MOSFET in einem 
Buch, 


“MOSFET in Circuit Design’ 
soli als eine praktiscne Ein- 
te.tung dienen, Das Buch ist 
angepa8t an die Bedurfnisse 
des Ingemieurs und des Schal- 
yuogsentwicklers in der Praxis 
und b.etet die Grundlage, die 
iar Arbeit aul dem Gebiet 
der MOSFET-Technologre 
notwendig 1s1. Dieses Buch 
steilt die Erfahrungen des 
Autors mit MOSFET-Bauele- 
menten und komplexen inte- 
grierten Schaltungen dar und 
umtaRi' Grundtheorie und 
Arcaitsweise von MOSFET's. 
aarstellende Formein fur das 
Bau2zlemente-Verhalten, Ver 
weendurg von MOSFET‘s in 
analogen Schaltungen und 
t4OSFET-bipolare Kombina 
tionen sowie eine detailherte 


Beschreibung erner komplexen 


integrierten Schaltung mit 
MOSFET's. 


In engl. Sprache 


Inhaltsiibersicht 
Einleitung 
Arbeitsweise 


MOS. Eigenschaften und 
Wechselbeziehungen der 
Formein 


Einschwingverhalten 
Grundicgende MOS-tC:Kon 
zeple 

Analoge Schaltungen 


Ti-Communications Statf 
366 Senten - 417 Abbildungen 


Dieses Buch ist fur jeden von 
Interesse, der mit Nachrich- 
tenubertragungen zu tun hat, 
sures HIF, UHF, CO oder QC. 
Es bildet einen idealen An- 
schiu& an das viel verkaufte 
Th-Fachbuch ‘Transistor 
Circuit Design’’. Das Buch ist 
hauptsachlch fur Schaltungs- 
entwickler bestimmt und bie- 
tet aktuelle Auskunfte uber 


neue Nachrichtenubertragungs- 


Bauterls, die in ainer Vielzahl 
von Applikatonen verwendet 
werden, 2.B. in der Industrie, 
ber den Steeitkraflen und in 
Verbraucher-Erzeugnissen. 
Zu den aktucileon Themen, 
die besprachen werden, ge- 
horen, Feldeftckt-Transisto- 
ron, Dual-Transistoren, Hoch 
trequene- Sitizium-E pitaxial- 
Plunar-Transistoren und Ger- 
maniwum-Planar-Transistoren, 


Kapiteliibersicht 


Neue Nachrichten-Bauelemen- 
te 

Abhangigkeit der Transistor- 
y-Parameter von der Vorspan- 
nung 

Frequenz und Temperatur 
Typische y-Parameter-Daten 
Leistungsverstarkung und 
Stabilitat bei linearen, aktiven 
Vierpolen 

Entwurf eines Hochfrequenz- 
Verstarkers unter Anwendung 
von Leilwertparametern 
Entwurf von Kleinsignal-UHF- 
Verstarkern 


+ In engl. Spracne 


Feldetfekt-Transistoren fur 
Schaltkreise mit niedrigem 
Spannungspegel 
Abhangigkeit der FET-Eigen- 
schaften von Temperatur 
Dual-Transistoren in Schalt- 
kreisen mit niedrigem Span- 
nungspegel 

Betrieb des 2N929 und des 
2N930 mit kleinen Spannun- 
gen 

Verfahren mit hohem Ein- 
gangswiderstand 
Rauscheigenschaften 
Regelung der Transistor-Ver- 
starkung 
HF-Sinus-Oszillatoren 
Transistoren in breitbandigen 
Verstarkern mit geringem 
Klirefaktor 
Silizium-Transistoren in VHF- 
und UHF-Verstarkern und Os- 
zillatoren 

Die Ursache von Rauschen 
Transistor-Rauschlaktor 
Schaltungen in Nachrichten- 
Applikationen 
Bauclemente-Bezeichnungen 
und Standard-Me&schaltungen 
Messungen des Rauschfaktors 
Mefiverfahren tir Leistungs- 
gencratoren 


| 
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Bestell-Nr. AM 105 
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for 
Audio, AM/FM, ; 
and TY” 


Circuit Desion 


AN /FM and TV 


Tl-Communications Staff 
352 Seiten 145 Abbilaungen 


Die Beisp.eie in diesem sehr 
prakuschen Nacnschlagwerk 
wurden so ausgewahlt, um 
2:nen mogtichst breiten Appl:- 
«at onsbereich der vorgeschla 
genen Verfahren zeigen zu 
kennen. In dem Abschnitt 
uder Fernsehen werden zum 
Bespie! Entwurfe fur jedes 
riauptsystem eines Fernseh 
empfangers gegeben. In dem 
AM/FM-Abschnitt lregt die Be 
tonung auf der Konzipierung 
von ZF-Verstarkern, Es wer- 
den auBerdem viele Beispicle 
sowohl fur neutralisierte als 
auch nichtneutralisierte Ver- 


starker Gargestellt. In dem NF- 


Aoscnnitt werden die bekann 
ten Kopplungsverfahren fur 
A- und B-Betrieb naher erlau- 
tert, Unter den Themen, die 
in dem NF-Abschnitt bespro- 
chen werden, sind’ Audio- 
Entwurfsverfanren, Entwurfs- 
be:spiele und die Ableitung 
der Hauptformeln, die beim 
Entwurf angewendet werden. 
Im AM/FM-Abschnitt werden 
2F-Verstarner fur AM und 
FIM sowie FM-ZF-Verstarker- 
schaltungs-Applikationen be- 
sprochen. 


Im Fernseh-Abschnitt werden 
behandelt’ VHF- und UHF- 
Tuner, Video-ZF-Verstarker, 
FS-AGC lautomatische Am- 
plitudenregelung), Videover- 
starkersysteme, Ton-ZF-Ver- 
slarxersysieme, Amplituden- 
siebe, Vertixaloszillatoren und 
Kipposzillator-Ausgang, die 
horizontate AFC (automau- 


- In engi. Sprache 


sche Frequenznachstsmmung) 
und der Oszillator, die Hors- 
zontalsteuerung und der Kipp- 
spannungsausgang. 


Kapiteliibersicht 
Uberlegungen beim Audio- 
Entwurf 


Entwurlsverfahren fur A-Aus 
gang und - Treiber 
Entwurtsverfahren tur B-Aus- 
gang und -Treiber 
Entwurtsberspiele tur A-Betriets 
Entwurfsbeispiele fur B-Betrieb 
Ableitungen von Formeltn tur 
Audio-Entwurfe 

Der Entwurl von AM-ZF-Ver- 
starker 

Der Entwurf von FM-Tunern 


Der Entwurf von FM-2ZF-Ver- 
starkern 


AM/FM-ZF-Verstarkerschal- 
tungs-Applikationen 


FM.-ZF-Verstarkerschaltungs- 
Applikationen 


UHF-FS-Tuner 
VHF-FS-Tuner 
Video-ZF-Verstarker 

FS-AGC 
Videoverstarker-Systeme 
Ton-ZF-Verstarker-Systeme 
Amplitudensieb 
Vertikaloszillator und Kipp- 
spannungsausgang 
Horizontale AFC und Oszilla- 
lor 

Horizontalsteuerung und Kipp- 
spannungskreis 


tion of Transistor 
Switchine Gircuits 


Louis Delholm 


278 Seiten - 315 Abbildungen - In engl. Sprache 


Alle Elektranik-Ingenieure und 
-Techniker, die mit dem Ent- 
wurf und der Konstruktion 
von Schaltungen 2u tun haben, 
werden in dieser umtassenden 
Abhandlung uber Transistor- 
Schaitkreise ein unschatzba- 
res Holtsmittel ber threr Arbeit 
tinden. Erst wird der grund- 
sat2zliche Mechanismus der 
Funktion eines Transistors er- 
Juutert und dana werden Ele- 


mente ennes Wechselspannungs- 


Mustertransistors aul den 
Grundmechanismus bezogen. 
Anschhefgend die Herstellung 
und die Eigenschaften ver- 
schiedener Transistortypen 
beschneben, wobei die Aus- 
yvaab) eines Transistors mit den 
qevunschten elektrischen Et- 
genschaften betont ward. Es 
folgt die Besprechung folgen- 
der Punkte: Transistor als 
Schalter, Auswertung von 
Datenblatt-Kenngroen, 
Uberlegungen ber dem Ent- 
wurf eines gesattigten inver- 
tierenden Schalters, Arbeits- 
weise linearer und nichtlinc- 
arer Schaltungselemente, 
Merkmale der Emitterfolger- 
Stufe, binares Zahlensystem 
und Boole’sche Algebra, Dio- 
dengatter, drei verschiedene 
Stromschalter-Anordnungen 
und Impulsgeber-Schaltkreise. 
Viele Themen, die in anderen 
Buchern dieser Art merst sehr 
kurz behandelt werden, sind 
hier ausfuhrlich besprochen, 
2.B. die graphische Analyse 
von Transistor- und Emitter- 
folger-Schaltungen und Zah- 


ler-Netzwerke. Zu den neuen 
technischen Fortschritten, 

die in diesem Buch behancelt 
werden, gehoren: die statisti- 
sche Entwurlsmethode, Prin- 


zipien von transistorgexoppel: 


ten Logikstufen, Entwurf der 
emittergekoppelten Logikstu- 
fen und Flipflop-Zahler 


Kapitelubersicht 

@ Mechanische Transistor- 
Eigenschaften 

@ = Kieinsignal-Ersatzschal- 
tung von F lachentransis- 
toren 


@ Herstellung und Eigen- 
schaften verschiedener 
Transistoren 


@ Der Transistor als Schalter 

@ Das Transistor-Datenbiatt 

@ Entwurf der gesattigten 
invertierenden Schaltung 

@ Graphische Schaltkreis- 
Analyse 

@ Entwurf und Funktion 
eines Emitterfolgers 

@ Symbolische Logik 


@ = Transistoren und Dioden 
ats Logikelemente 


@ Stromumschalter 

@ Flipfiop-Schaltungen 

@ Register, Zahler und Dio- 
dendecodierer 

@ = Impulsgeber- und Impuls- 
formernetzwerke 
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Transistor 


Ti-Apol:cations Stait 


532 Se:ten - 526 Abb:!aungen - 


nen Probleme, die der 


3s-Entwickler zu lo- 


Gas Auswerten von 
piatt-Informatuionen, 
risverfahren fur VHE - 

tunasstufen, das Messen 
vO Trans stor-Parametern, 
Wirkurg des komp!exen 
rme-Widerstands auf die 
kreis-Stabilitat. Ein 
Buch fur die tagliche Arbeit 
mit detailierten Entwurfsan 
ungen fur cine Vielzahl 
yon Schaltkreisen, 


In engl. Sorache 


Einige der behandelten The- 
men... 

Oynamische Daten — Puls. 
me®verfahren — theremiscne 
Storsicherhesnt — Gleichspan- 
nungsmessunqen — Kieinsiq 
nal-Parameter-Messungen und 
-MeBschaltungen — Hochtre- 
quenzmessungen — Warmeab 
leitung — Vorstulen-Konstruk- 
bonen — Ringmodulutoren -- 
f otodioden und -transmtoren 
— modulterte Tragersysteme 
— Verstarkung und Ausgings: 
leistung — der ideale Verstar 
rer ~ Baws-Vorspannungs 
Schattungen — Treibertraes 
formatot-Konstruk tion — obere 
Rauscheck frequens — Oszillu 
lorschwingkrens — VHF -Mi- 
scher — Frequenzvergoppler 
— Abwartsreqelung — bistabr 
ler Multvibrator Fliptlop — 
gesattigte Transistor-Logth 
schaltkreise — AC Normal-im- 
pulsgencrator -- Lasthinione 
Analyse — Serien-Scnaltkrese 
— analoger oder Gigitaler Ser 
vomechanismus 


Technolosy 


W.R. Runyan 


Wenn Sie ein schopferischer 
Entwickler sind, genugt es 
Ihnen nicht, schwarze Kast- 
chen emtach aneinander zu 
reiben, Sie wollen die inneren 
Goneimnisse kKennen, damit 
Sie dhe Moglichkeiten jedes 
Bauevlements voll ausnutzen 
konnen, Silicon Semiconduc: 
tor Technology gibt Ihnen 
fue Informationen, Es ist 


Has urste Buch auf diesem Ge- 


toet, das aul urnfassende und 
verstandliche Art alle Aspek- 
von Siliziuen als Halbleiter 
hespricht, Yom Innaltsver- 
chois ber tes klar, dah 
es Buch micht nur fur den 


a 
Entwickler von Bauclemen 

ten sondecn auch fur den Ent- 
vacktor von Schaltungen und 


Vermont wortvall it 


256 Seiten - 301 Abbildungen - In engl. Sprache 
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Sihzium-Herstellungsverfah- 
ren 


Si Ziehverfahren 
Kristallwachstum 


Kristallverhalten und Kristall- 


richtung 
Dotierungsverfahren 
Oiffundieren 

Elektrische Eigenschaften 
Optische Eigenschaften 


Verschicdene physikalische 
Eigenschatten und Vertahren 


Metallurgie 


Silicon 
Semiconductor 
Technology 
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351 Seiten - 221 Abbi:dungen 


Hie: sind in e:nem Buch alle 
Verfahren gesammelt, die 

zur Zeit bei der Berechnung 
cer Werkstoffqualitat in den 
verschiedenen Stufen der 
Hersteiiung von Halblester- 
Save'ementen angewendet 
werden, von den Rohstolfen 
bs 2u den fertigen Bauele- 
menten. Die Beschreibungen 
und Auswertungen der Ver- 
tahren befassen sich nicht nur 
mit Germanium, Silizium und 
den III-V-Verbindungen, son- 
dern auch mit thren Ober fla- 
chen, Oxyden und Filmen. 
Dreses Buch ist besonders 
wertvoll fur Fertigungsinge- 
nreure, Ingenieure in der 
Qualitatskontrotie, Chemiker 
und Werkstoffwvissenschaftler. 


- In engl. Sprache 


Inhaltsiibersicht 

E:nleitung 
Halbleiter-Prinzipien 
Grundmater ial-Bezeichnun- 
gen 

Mater ial-Bezeichnungen be: 
Einkristallzuchtung 

Analyse von Einkristallen auf 
chemische Fehtordnungen 
Bezeichnungen von Einkristal 
len bezuglich physikalischur 
Storstellen 

Bezeichnungen der Halblencr- 
Ober flachen 

Bezeichnungen be: Epitaxial: 
Fitmen 

Difftundieren 

Bezeichnungen von Ounn- 
filmea 


Desionine with TTL 
inteorated Gircuils 


(C-Applications Staff 


322 Seiten - 399 Abbildungen - 


Dieses umfassende Werk fur 


den Praktiker — das erste Buch, 


das die ganze Familie der inte- 
grierten TTL-Schaltungen be- 
inhaltet — ist von groRter Be- 
deutung fur Elek tronik-Inge- 
nieure, Computer-Konstruk- 
tcure, System-Analytiker und 
Fuhrungskrafte (die keine 
Ingenieure sind), die mehr In- 
formation uber die eweck- 
maBige Applikation dieser 
Bauelemente benotigen. Be- 


handelt werden nicht nur Kon- 


4struk ons-Philosophien, wirt- 
schafthiche Aspekte, Grund- 
cgenschaften und elektrische 
Funktronen, sondern auch 
der ganze Applikationsbereich 
von TTL-Schaltungen in digi- 
talien Systemen, 


In engi. Sprache 


tnhalt 


Einfihrung in die digitale 
Logik 
Ubersicht der Serie 54/74 


Schaltungsanalyse und 
Eigenschaften der Serie 
54/74 


Anwendung im erweiterten 
Bereich 


Uberlegungen bezuglich 
Rauschen 


Logik-Kombinationsent- 
wurfe 


Flipflops 

Decoder 
Rechen-Bausteine 
Zahter 

Schieberegister 
Sonstige Applikationen 
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Dieses sachliche Buch wurde 
besonders fur Ingenicure und 
Techniker geschrieben, die 
mii elextronischen Systemen 
sroe.ten. Es dietet leicht 
verwertbare und modernstc 
Auskunfte uber eine der neu 
usten Entwicklungen der 
Halbleiter-Elektronik Metal: 
Oxide-Semiconductor/Large 
Scaie Integration (MOS/LSI) 
— eine neue und Icistungsla- 
nige elektronische Schaltung, 
aie in vielen Applikationen 
groRe Ersparnisse ermoglicht 


Das Buch ist umfassend und 
eicht zu benutzen. Es behan 
deit samtliche Aspekte der 
MOS/LSI-Technik, von den 
Grundprinzipien bis hin zu 
verschiedenen System-Appl: 
«ationen in anschaulicher 
Carsteitung. Es beginnt mit 
xiner Ubersicht der physika 
hiscnen Grundlagen, setat 
sch fort mit detailierten 
Schaltungsfunktionen und 
benandelt schhieBlich kam 
pictte Logix-Konzepte. Es 
ist eine kurze aber abgerun- 
dezie Zusammenfassung aller 
das Thema MOS/LSI betret 
fenden, Kenntinisse. Samth 
che Hauptanwendungen von 
'4OS/LSI werden grundiich 
behandelt’ Wechselrichter, 
statische Logik, Flipflops, 
Schieberegister, Speicher- 
Applikationen und program 
mierbare Logik-Matrizen. 
Unter anderen belaRt sich 
das Buch auch mit folgenden 
wichtigen Aspekten von 
MOS/LSI. 


@® Physikalische Grundlagen, 
die eine wirkungsvolle 
Benutzung der MOS/LSI- 
Technik ermoghchen, 
Zusammentassung der wer- 
schiedenen Verfahren, die 
be: der MOS/LSI-Herstel 
lung verwendet werden 
Les:ungsluhigkeit von 
MOS/LSI-Schaltungen, 
Woetschafthehkeit und 
Vorschlage fur dte Ver 
wendung der verschiede 
nen Verfahren, 


Ubersicht dor yetzigen 
MOS: Analog Applikatio: 
nen und kuoltige Trends, 
2.B. die Entwicklung von 
Klemnsignal-Modellen fur 
verschiedene MOS- Lincar- 
Anordnungen, 
MOS/LSI-Wirtschattlich 
ket, eine Analyse des 
Konzeptes ‘silicon real 
estate’ und cine umlas- 
sende Erorterung der 
sennenmaigen Herstel- 
lung gegenuber Herstel- 
lung nach Kundenwunsch, 
zusammen mit vergange- 
nen, derzestigen und kunf- 
lugen wirtschaltlichen 
Tendenzen. 


Texas Instrument Learning Center 


242 Seiten - Abbildungen - In engl. Sprache 


Erscheint in Kurze in deutscher Sprache! 


Fur jeden, der verstehen will, 
wie Halbleiter arbeiten, und 
wie sie in Halbleiter-Elektro- 
nik-Anlagen zusammenarbel- 
ten, Ein Selbstunterricht- 
kursus bestehend aus 12 
Teilon eusammen mit kurzen 
Prutungen uber die Grundla- 
aenund Verwendung von 
Oicden, Pransistorea, Thyrt 
“tore, oploelck tranischen 
Bagelementan und bipolaren, 
MOS. und linearen ICs. 


Dieses Buct ist fue den Le- 
cer bestiment, der die Elek- 
tromik verstehen wall oder 
toufs, es ach aber ment tot 
sted Kaan, mehrere Jahre 
dem Fachstudium ¢u wid- 
men, Der Grundsaté dus 
Autors war Erklarung tech: 
nischer Kanzepte onne dul 
Mathematik euruckgrenfen 
<u mussen. Sie finden also 
rut Ausnahme von cinigen 
anthmetischen Grundlagen 
keine Mathematik in die- 
sem Buch. Zweitens wolltc 
der Autor die Technik nicht- 
technischen Lesern verstand- 
lich darbieten, 2.B. dieyeni- 
gen, die mit der Verdrah- 
tung ciner Turklingel Proble 
me haben wurden, Dieses 
Buch tangt mit den Grund- 
lagen an und jeder neue 
Ausdruck oder Begriff wird 
direkt erklart, 


Die meisten Versuche, die 
Wissenschaft gemeinver 
standlich darzustellen, ver- 
helfen dem Leser olt nur 2u 
etwas ober flachhichen Kenat 


nissen, egal wie gewissen- 
haft er sein mag. Leser die- 
ses Buches bestatigen aber. 
daf sie den Inhalt nachher 
sehr gut von sich geben 
konnten, sogar in Fachge- 
sprachen mit Ingenieuren. 


Kapitelibersicht 

1. Elektrizitat in elek tr 
schen Anlagen 

2. Grund-Schaltungsfunk- 
1ionen in einem System 

3. So treffen Schaltkreise 
Entscheidungen 
Halbleiter und Systeme 
Dioden: Was sie machen 
und wie sre funktionie- 
ren 
Dioden-KenngroBen 
und -Spezifikationen 
Transistoren: Wie sie 
funktionieren und wie 
sie hergestelit werden 
Der PNP-Transistor und 
Transistor-Spezilikatio- 
nen 
Thyristoren und die Op- 
toelektronik 
EinfGhrung in die IC 
Technik 

. Digitale integrierte 
Schaltungen 
. MOS und lineare inte 

grierte Schaltungen 
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The Inteorated 
Circuits Catalos 
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Tne integrated Circurts Cata 
toa’ — gas umlassendste Werk 
mit dem grosten Typenspek 
man :nteagrerten Schalt 
27 exaxte Datenblatt. 
eshreitungen und Applike 
i onsminwe.se uber TTL-Schal 


nger (Standard-. Low-Power-, 


Scoesd- und Schottky: 
en), uber Lincar-, MOS., 


ECL- und Hyorid-Schaltkreise 
Henzu kommen strahlungstest« 


Bausteine, Interluce-Schalt- 
xrese, DTL-IC’s und integnier 
t2 Schaitungen hoher Storun 
emotindl:chkeit. Weitere Ka 
Die. pefassen sich mit IC's 
extrem hoher Zuverlassigkeit, 
d eden slektrischen und me 
cPan:scnen Vorschriften von 
MACH IV (gema MIL-Stun 
'd 883) entsprechen, Eine 
tere Rubr:k enthalt auber 
em diskrete Komponenten, 
a.< v0n Texas Instruments 
8 Vorzugstypen gefertigt 
e6Gen 


In engl. Spracne 


Inhalt 


TIL-Schaltungen (Standard-, 
Low-Power-, High-Speed. und 
Schottky -Serian) 
OTL-Schaltungen sovwre HLL- 
Schaltungen m.t besonders 
hoher Storunemplindhichrnen 
MOS und ECL-Schaltungen 
Linear-, Hybrid: and Inter: 
face-Schaltungen 
Stranlungsfeste Buuriemente 
IC’s mit extrem noher Zuver 
iassigkent nach MIL-Vorschrit 
Ten 

Diskrete Bauclomente als Vor 
eugstypen von TI gefertigt 


The 


TTL Data Book 


for Design Engineers (CC 411) 


(Supplement to CC 401) 


Texas Instruments Inc. 
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Als Erganzungsband zum IC- Inhalt 


Catalog CC 401 beinhaltet e 
“The TTL Data Book” alle 
technischen Daten, Beschrei- e 
bungen und Applikationshin- 
eveise der neuesten TT L- e 
Schaltkrerse. Standard-Serien 
SN54/74, High-Speed-Serien 
SN54H/74H, Low-Power. 

Seriea SN54L/74L, Schottky: 
Clamped-Serien SN54S/74S, 
Low-Power-Schottk y-Serien 
SN54LS/74LS, Serie SN49. 


Weitere Kapitel beinhalten 
“Radiation-hardened and 
beam-Jead circuits sowie TTL 
random-access memories’. 
Ein Uberblick uber die 38510/ 
MACH IV-Bedingungen mit 
Testabluufen. Zuverlassigkeits- 
klassen und eine Aquivatenz- 
liste runden den Inhalt dieses 
umfassenden, ubersichtlich 
geordneten Bandes ab, ‘The 
TTL Data Book’ CC 411 — 
ein Oatenbuch, das in keiner 
Laborbucherei fehlen solite. 
Zusammen mit dem IC-Cata- 
log CC 401 bildet es ein kom- 
plettes Nachschlagewer k Uber 
das gesamte, zur Zeit liefer 
bare T ypenspekirum Inte. 
grierter Schaltungen von 
Texas !nstruments. 


Standard-Serien SN54/74 
High-Speed-Serien SN54H/ 
74H 

Low-Power-Serien SN54L/ 
74L 
Schottky-Clamped-Serien 
SN54S/74S 
Low-Power-Schottky- 
Serien SN54LS/74LS 
Serie SN49 
Radiation-Hardened and 
beam-lead circuits 

TTL random-access me- 
mories 

High-reliability TTL 
Zuverlassigkeit-Spezifika- 
von 

Vergleichstabellen zu TTL- 
Schaltungen anderer Her- 
steller 


Data Boo! 


Storer ert to CC-40! 


Nr. CC 411 


is: OM 15,00 
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Te 
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G eses Datenbuoch be.nhaltet 
samt cre tecnnischen Daten 
ass overten OPTOELEKTRO 
NIK Proaramms von Texas 
emenis in einem Band 
tar.ffoereit Licntschran 
S$ gna’ Photodetektoren, 
arnche-Photo-Module, 
~ Koppler, Ziffernan 
a, Tnermo-Druckkopfe, 
con-Rohren, Laser-Arrays 


D.e einzelren Kapitel mit 
«xasten Datenblattern, Apph- 
LaL-onshinweisen sowie Qua 
lets und Leoensdauerunter 
Jen sind ubersichtlich 
n3acn Baugruppen gegliedert 
Zum scnnelien, eanfachen Da- 
: leich ist yedem Ad 
initt eine tabellarische 
ubers:cnt vorargestellt. 
= ne Squivalenziiste runcet 
cen Inralt des Werkes ab. 
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Inhalt 

@® Leuchtidioden, Infrarot- 
Emitter, Lasxerdigden 

@ Fotodetcktoren 
Optokoppler 

@ Numerische und alpha 
numerische Aneeigeuin 
beitea 
Thermo-Druckkopfe 
Iavicon-Rohren 
Aquivalenzliste von Bau: 
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Hersteller 
Applikationsburspiele, 
Qualtats: und Lebens- 
daucruntoruchungen 
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“Pocket Guide’’ — das Taschen- tnhalt 
buch fur den Entwickler und 


Proyektierer ~ eine Ubersicht @ Allgemeine TTL-Oaten 


mit exakten technischen Da- 
ten, umfassenden Logikschalt- 
bildern und austuhriichen An- 
scbluBbeleguagen Integtierter 
D.gital-Schaltunagen, ene un- 
enibehriche Onentierungs- 
mite fur den schnetien Daten- 
verghueh, kurz. ein Buch, 

das auf jeden Labortisch ge- 
hort, Es bemnhaltet samtliche 
eur Zow helerbaren TTL-Ty- 
pen der Standard Serie SN74N, 
cowertert durch dic Zusdatz- 
Surie SN4ON, der stromspa- 
renden Low-Power-Sene 
SN74LN, der 3ns-schnellen 
Schouky-Scrie SN74$N so- 
yae TTL-kompatible Typen 
der Computer-Interface-Serie 
SN75N von Texas Instruments. 
Auerdem sind in diesem 
Band die kosten- und raum- 
sparenden MS! T ypen (MSI = 
Medium Scale Integration) 
aufgetuhrt. 


und Hinweise fur den 
Anwender 


Standard-Typen SN74N, 
SN49N 


Low-Power-T ypen SN74LN 
Schottky-T ypen SN74SN 


Computer-Intertace-T ypen 
SN75N 


MOS.-T ypen Serie TMS 
Erklarung der Worst-Case- 
Testwerte 

Numerisches T ypenver- 
zeichnis 

Typenubersicht nach 
Funktionsgruppen 


Texas INSTRUMENTS 
Deetac hia Gabtt 


Cberucht tur 
Entwictles und Projckueret 


Integrierte 
Digital-Schaltungen 
der Serten: 


SITES 
FATA peal 
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s3$ Neue, son TI-Appirka- 
wen 2uren erarbeitete 
nm Geuischer Sprache 
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n Schaiungen und An- 
fur den optimalen 
mente-E:nsatz — ein 
fur die Praxis der in der 
-Strie oder cm Institut 
jen Scha:tungs- und Ge- 
atveackler. 


erden unter andercm 
gende Themen behandelt 


Intertace-Schaltungen mit 
Dariington-Power-Tran- 
sistoren und TTL-Gattern 
S.ear-BCD- und BCD- 
Binar-Wandler 

Osziltatoren mit TTL- 
Scnaitkreisen 

Zan.er und Teiler mit TTL- 
Sena turgen 


Programmierbarer BCD- 
Rechner mit dem 

TMS 0117 

Digitaler Pufferspeicher 
TMS 4024 

TMS 4062 IC, ein 1024- 
Bit-MOS-Speicher mit 
wahlfreiem Zugriff 
Spannungswandler fur 
Taschenrechner 
Autorauio-Endstule ohne 
Ruhestromeimnstellung 
Schaltungskonzept fur 
industrielle und kommer- 
zielle Schwarz-Wuik- Fern: 
sehempflanger mit dem 
neuen 2,2-kV-Transistor 
BUY 71 
Datenubertragung mit 
Optokopplern 
Datensichtgerat fur 32 
Buchstabenzeilen mit je 
64 Buchstaben 
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THE POWER SEMICONDUCTOR DATA BOOK 


From the earliest days of transistors, semiconductor circuit designers have needed devices capable of handling the 
power functions of their equipment. 


The past twenty years in the semiconductor industry have brought extensive development of power products— 
germanium power transistors, silicon power transistors, thyristors, and more recently, power function modules. The 
future will certainly bring even further developments in power devices and functions. 


Along with advancements in integrated circuit technology, improvements in power devices will aid equipment design 
engineers in their efforts toward continual enhancement of functional utility, cost effectiveness, and reliability of 
designs. 


In this 800-page data book, Texas Instruments is pleased to catalog important power semiconductor products available 
in the industry, and to present technical information on TI’s broad line of power transistors, thyristors, and power 
function products. 


You will find essential design information on Germanium and Silicon Power Transistors, SCR's, Triacs, and Power 
Function modules, In Silicon Power, TI’s extensive product line encompasses high-voltage as well as low-voltage, high- 
safe-operating-area (SOA) designs, power Darllngtons, fast switching types, radiation-tolerant designs, JAN and JANTX 
types, and both metal can and plastic package types. 


Most of the silicon power devices, as well as a broad range of SCR’s and Triacs, are offered in TI's specially designed 
plastic packages. These designs incorporate glass-passivated junctions with thermally-matched epoxy and piece-parts, for 
high reliability—plus the adaptability for high-volume, cost-effective production. 


Section 6 features the Technical Response Lab (TRL). The TAL facility provides a broad capability for custom designs 
to meet special needs. This capability includes custom silicon chip design for specific electrical performance, together 
with custom packoging techniques for retisble performance of devices under unique environmental conditions, These 
high-volume, low-cost, highly-reliable devices, on one hand, and high-performance, custom designs for special 
applications, on the other, represent TI’s two-fold approach to the power market. Thus product coverage is broad, with 
the capability of serving a very wide range of customer needs, 


The data book indices are designed with margin tabs for ease in location of data sheets for specific products, as well as 
general information categories, Included are an alpha-numeric index to product data sheets and product cross-reference 
and selection guides. 


We sincerely hope you will find this Power Semiconductor Data Book for Design Engineers a valuable addition to your 
technical library. It represents Ti experience since the early 1950's in the design and manufacture of power 
semiconductor products. 
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Terms, Definitions, 
and 
Testing Procedures 


TERMS AND DEFINITIONS 
POWER TRANSISTORS 


POWER TRANSISTORS 
POWER TRANSISTOR SAFETY CONSIDERATIONS 


The designer, maker, and user of electrical equipment contalning power transistors should give attention to the 
following points relative to the safety of personnal that may operate the equipment. 


The electrical potentials of the collector, emitter, snd base terminals on the transistor present an electrical shock hazard 
when the equipment is energized. 


The normal operating case temperature of energized transistors is often high enough to present burn hazards to both 
operating personnel and flammable materia! touching the transistor. 


If the transistor is falsely turned “on” or falls, power will be applied to the equipment load. Operator safety may be 
affected by an unexpected energizing of the load. 


In the event that an equipment output short or interna! fault condition develaps, very high surge current can be passed 
through the transistor. If this condition exceeds transistor ratings for magnitude and duration, the transistor may be 
damaged; and if the surge is severe enough, internal heating can cause the transistor to rupture and perhaps sustain an 
are, 


POWER TRANSISTOR STANDARDS 
Following are sources of standard material relating to Power Transistors: 


E1A and JEDEC Standards: 

Electronic Industries Association 

2001 Eye St. N.W., Washington, D.C. 20006 

Telephone: 202-659-2200 
JC-25 Power Transistor Registration Formats ADF-1 to ROF-6 
Test Procedures for Verification of Maximum Ratings of Power Transistors—JEDEC Publication No.65 
Thermal Resistance Measurements of Conduction Cooled Power Transistors—ElA Standard RS-313-A 


JEDEC Recommendations for Letter Symbols, Abbreviations, Terms, ard Definitions for Serniconductor Device 
Data Sheets and Specifications-JEDEC Publication No. 77 


Standard List of Values to be used in Power Transistor Device Registration and Minimum Differences for 
Oiscretness of Registration—JEOEC Publication NO. 74 
IEC Standards 


American National Standards Institute, Inc. 
1430 Broadway 

New York, N. Y. 10018 

Telephone: 212-668-1220 


IEC Publication 147: Essential Ratings and Characteristics of Semiconductor Devices and General Principles of 
Measuring Methods. 
(EC Publication 148: Letter Symbols for Semiconductor Devices and Integrated Microcircuits 


IEC Publication 191: Mechanical Standardization of Semiconductor Devices. 
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Military Standards 


Commanding Olficer, U.S. Naval Publications and Forms Center, 
§801 Tabor Avenue, Philadelphia, Pa., 19120 


MAIL-S- 19500: Semiconductor Devices, General Specification tor 
MIL-STD- 108: 
MIL-STD-202: 


Sampling Procedures and Tables for Inspection by Attributes 
Test Methods for Electronic and Electrical Component Parts 
MIL-STD-750: Test Methods for Semiconductor Devices 


MIL-STD-883: Test Methods and Procedures for “scroelectronics 


TS 
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POWER TRANSISTOR TERMS, DEFINITIONS, AND LETTER SYMBOLS 


Introduction 


This part contains letter symbols, abbreviations, terms, and definitions commonly used with Power Transistors. Most of 
the information was obtained from JEDEC Publication No. 77. This document and the JC-25 JEDEC registration 
formats have over-riding authority where any conflict may occur. 


Power Transistor Terms and Definitions 


Term 


base (B, b)” 


breakdown 


breakdown region 


breakdown voltage... 


collector (C,c)* . . . 


emitter (E,a)" . . . 


junction, collector 


junction, emitter 


open-circuit 


reverse current 


Definition 


A region which lies between an emitter and collector of a transistor 
and into which minority carriers are injected. (Ref. 60 IRE 28.S1) 


A phenomenon occurring in a reverse-biased semiconductor junc: 
tion, the initiation of which is observed as a transition from a region 
of high small-signal resistance to a region of substantiatly lower 
smail-signal resistance for an increasing magnitude of reverse current. 
{Ref AS-2B2 par. 1.38) 


A region of the volt-ampere characteristic beyond the initiation of 
breakdown for an increasing magnitude of reverse current. (Ref 
AS-282 par. 1.37) 


The voltage measured at a specified current in a breakdown region. 
(Ref MIL-S-195000 par. 20.3) 


A region through which a primary flow of charge carriers leaves the 
base. (Ref. 60 IRE 28.S1) 


A region from which charge carriers that are minority carriers in the 
base are injected into the base. (Ref. 60 IRE 28.S1) 


A semiconductor junction normally biased in the high-resistance 
direction, the current through which can be controlled by the 
introduction of minority carriers into the base. (Ref. 60 IRE 28.$1) 


A semiconductor junction normally biased in the low-resistance 
direction to inject minority carriers into the base. (Ref. 60 
IRE 28.$1) 


A circuit shall be considered as open-circuited if halving the 
Magnitude of the terminating impedance does not produce a change 
in the parameter being measured greater than the required accuracy 
of the measurement. (Ref MiL-S-19500D par. 20.8) 


The current that flows through a semiconductor junction in the 
reverse direction. 


“NOTE: References to base, collector, and emitter symbolism 
{B, b, C, c, E. and e) refer to the device terminals connected to those 
regions. 


a 
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Term Definition 


reverse direction 2. |. The direction of current flow which results when the n-type semi- 
Conductor region ss at a positive potential relative to the p-type region, 


* saturation A basecurent and a collector-current condition resulting in a 
forward-biased collector junction 


second breakdown A condition of the transistor, resulting from a lateral current 
instability, in which the electrical characteristics are determined 
Penrcipally by the spreading resistance of a thermally maintained 
@dastrecHon. The mitiation of second breakdown is observed 
as a decrease in the voltage sustained by the collector. 


NOTE: Second breakdown differs trom thermal failure in that its 
initiation can not be predicted from low-voltage thermal resistance 
measurements. 


Uniess the current and duration in second breakdown are limited, the 
high junction temperature at the current constriction will result in 
failure, usually as a coltector-to-emitter short-circuit. 


Second breakdown can occur al postitive, negative, or zero base 
current. 


(To protect a transistor against second breakdown, see section: 
“Sate Operating Areas for Power Tronsistors.’’) 


semiconductor device . ihn eo am 


A device whose essential characteristics are duc to the flow of charge 
carriers within a semiconductor. (Ref. RS-282 par. 1.09) 


semiconductor junction . . . . . .. . . A region of transition between semiconductor regions of dilferent 
electrical properties (e.g., n-n', p-n, p-p+ semiconductors), or 
bémeer a metal and a semiconductor, (Ref. AS-282 par. 1.0) 


short-circuit 2 2. wee A circuit in which doubling the magnitude of the terminating 
impedance does not produce a change in the parameter being 
measured that is greater than the required accuracy of the 
measurement. (Ref. MIL-S-19500D par. 20.16) 


small-signal . 2 2... ww ee. . A Signal which when doubled in magnitude does not produce a 
change in the parameter being measured that is greater than the 
tequired accuracy of the measurement. (Ref. MIL-S-19500D 
par. 20.17) 


Static value 2 ww we ee . «A nonarying value or quantity of measurement at a specified fixed 
point, or the slope of the line from the origin to the operating point 
on the appropriate characteristic curve. (Ref. IEEE =255 par. 2.2.1) 


terminal An externally available point of connection to one or more 


electrodes. (Alef. RS-282 par. 1.14) 


thermal resistance (steady-state) The temperature difference between two specified points or regions 
divided by the power dissipation under conditions of thermal 
equilibrium. (Ref. |EEE =223) 


NOOO 
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Term Definition 


transient thermal impedance. . . . . . . The change of tempersture difference between two specified points 
Or regions at the end of a time interval divided by the step function 
change in power dissipation at the beginning of the same time 
interval causing the change of temperature difference. 
(Ret. JEEE =223) 


transistor 2. 2. 1 1 wwe ee | «6A active semiconductor device capable of providing power amplifi- 
cation and having three or more terminals. (Ref. IEC =147-0 
par. 0-2.6) 

transistor, junction, multijunction type . . . A transistor having a base and two or more junctions. 


Graphic symbols for emitter, base, collector transistors: 
(Ref. ANS Y32.2) 


NOTE: In the graphic symbols, the envelope is optional if no 
element is connected to the envelope. 


APN P.N-P 
Collector Collector 
Base Bae 
Eminer Emitter 
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Power Transistor Letter Symbols, Terms, and Definitions 


Symbol 


Cibe 


Cobo 


Inte 


tt 


GPE 


hee 


Me 


hie 


hie 


hielimag) 


Hie(real} 


Term 


open-circuit input capacitance 


Open-citcuit Output capacitance 


small-signal short-circuit fonvard 
current transfer ratio cutoff fre 
quency (common-emitter) 


transition frequency 

or 
frequency at vehich small-signal for 
ward current = transfer ratio 
{common emitter) extrapolates to 
unity 


large-signal insertion power gain 
(common-emitter) 


static fonward current transfer ratio 
{common-emitter} 


small-signal short-circuit forward 
current transfer ratio {common- 
emitter) 


static input resistance (common: 
emitter) 


small-signal short-circuit input im: 
pedance (common-emitter) 


imaginary part of the small-signal 
short-circuit input impedance, 
(common-emitter) 


real part of the small-signal 
short-circuit input impedance, 
(common-emitter} 


small-signal open-circuit output ad- 
mittance, (common-emitter) 


Definition 


The capacitance measured across the input terminals 
{emitter and base) with the collector open-circuited 
for ac. (Ref. IEEE 3255) 


The capacitance measured across the output terminals 
(collector and base) with the input open-circuited to 
ac. (Ref. |EEE =255) 


The lowest frequency at which the magnitude of the 
small-signal short-circuit, forward current transfer 
ratio is 0.707 of its value at a specified low frequency 
(usually 1 kHz or less). (Ref. IEEE =255) 


The product of the modulus (magnitude) of the 
common-emitter small-signal short-circuit forward 
current transfer ratio, hfe, and the frequency of 
measurement when this frequency is sufficiently high 
$o that the modulus (magnitude) of hfe is decreasing 
with a slope of approximately 6dB per octave. 
(Ref, IEEE =255) 


The ratio, usually expressed in dB, of the signal 
power delivered to the load to the large signal power 
delivered to the input, 


The satio of the dc collector current to the dc base 
current (Rel. MIL-S-19500D par, 30.28) 


The ratio of the ac collector current to the 
small-signal ac base current with ‘the collector 
short-circuited to the emitter for ac. (Ref. 
MIL-S:19500D par. 30.20) 


The ratio of the dc base-emitter voltage to the dc base 
current, (Ref. MIL-S-19500D par. 30.29) 


The ratio of the small-signal ac base-emitter voltage to 
the ac base current with the collector short-circuited 
to the emitter for ac. (Rel. MIL-S-19500D 
par. 30.24) 


The ratio of the out-of-phase (imaginary) component 
of the small-signal ac base-emitter voltage to the ac 
base current’ with the collector — terminal 
short-circuited to the emitter terminal for ac. 


The ratio of the in-phase (real) component of the 
small-signal ac base-emitter voltage to the ac base 
current with the collector terminal short-circuited to 
the emitter terminal for ac. 


The ratio of the ac collector current to the 
small-signal ac collector-emitter voltage with the base 
terminal open-circuited to ac. (Ref. MIL-S-19500D 
par. 30 15) 


ee OOOO a | 
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Symbol Term Definition 
Hoelimag) imaginary part of the small-signal The ratio of the ac collector current to the 
open-circuit output admittance, out-of-phase (imaginary) component of the 
({common-emitter) small-signal collector-emitter voltage with the base 
terminal open-circuited to ac. 
Hoe(real) real part of the small-signal The ratio of the ac collector current to the in-phase 
open-circuit output admittance, {real} component of the small-signal collector-emitter 
{common emitter) voltage with the base terminal open-circuited to 
ac. 
Ig. current, dc (base-terminal, collector. The value of the de current into the terminal 
Ic, terminal, emitter-terminal) indicated by the subscript. 
JE 
Ib, current, ems value of alternating The root-mean-square value of alternating current 
lo, component (base-terminal, collector. into the terminal indicated by the subscript. 
le terminal, emitter-terminal) 
ig. current, instantaneous total value The instantaneous total value of alternating current 
ic, (base-terminal, collector-terminal, into the terminal indicated by the subscript. 
i€ emitter-terminal) 


DIAGRAM ILLUSTRATING FOREGOING CURRENTS (Ref IEEE = 255) 


fe tom 
' MOOT ME AN-SOUARE MANTRM (PEAK 
VALUE OF vacut oF 
ALTERNATING CURRENT = ALTERNATING COMPONENT 


. * 
rH INSTANTANOUS VALU 
z OF ALTERNATING COMPONENT 
« 
2 
o 
é ‘e1av) "imaas) 
5 OC VALUE WITH AOOT MEAN SQUARE 
2 e ALTEANATING TOTAL VALUE 
ov] pe VaLUC | comeonenr lon 
E Iwo acreamarins| MAXIMUM (PEAK) * 
TOTAL WALUE INSTANTANEOUS 


CommontnT | 
TOTAL VaLUT 


Tae 
NO ALTEANATING 


COMPONENT WITH ALTERNATING 
COMPONENT 
IcBo collector cutoff current, dc, emitter The dc current into the collector terminal when it is 
open biased in the reverse direction with respect to the 


base terminal and the emitter terminal is 
open-circuited. (Ref, IEEE #255) 
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Symbo! 
CEO 


cer 
ICES 
IcEV 


'CEX 


‘EBO 


PRE 


Pee 


Term 
collector cutoff current, de {base The de current into the collector terminal when it is 
open biased in the reverse direction® with respect to the 
resistance between base and | emitter terminal and the base terminal is (as indicated 
emitter, by the first subscript letter as follows): 


base short-circuited to emitter, i 
" O = open-cercuited 
voltage between base and emitter, | R = returned to the emitter terminal through a 
specified resistance. 


circuit between base and emitter) é 3 : 
S short-circuited to the emitter terminal. 


V = returned to the emitter terminal through a spe- 
ified voltage. 
X > returned to the emitter terminal through a spe- 
shed circuit 
(Rel. 1EEE =255) 
emitter cutoff current, de, collector The de current into the emitter terminal when it ts 
open baised in the reverse direction with respect to the 


base terminal and the collector terminal is 
open-circuited. (Ref. 1EEE =255) 


Power input, de (to the base, The product of the de input current and voltage with 
common-emitter) the common-emitter circuit confiquration, 


power input: instantaneous total The product of the instantaneous input current and 
{to the base, common-emitter) voltage with the commonemitter circuit contigu: 
ration. 


large-signal outpet power (common- The product of the large-signal ac output current and 
emitter) voltage with the common-emitter circuit configu: 
ration. 


lolal nonreactive power input to all The sum of the products of the dc input currents and 
terminals voltages, i.e.. 


Vee‘ le + Vce: Ic or 
Vee‘ le + Vea: ic 


Nonreactive power input, instanta The sum of the products of the instantaneous input 


Neous total, to all terminals currents and voltages, 

collector-base time constant The product of the intrinsic base resistance and 
collector capacitance under specified small-signal con- 
ditions, 


"For these parameters, the collector terminal is con- 
sidered to be biased in the reverse direction when it 
4s made positive for N-P-N transistors or negative for 
P-N-P transistors with respect to the emitter terminal. 
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Symbol 
Ro 

(formerly 6) 
Roca 

Rosa 
(formerly 8 5.4) 


Resc 
(formerly @).¢) 


Rojm 


Ta 


Tc 


TY 


Tstg 


Y 


Tem 


thermal resistance 


thermal resistance case-to-ambient 


thermal 
ambient 


resistance junction-to- 


thermal resistance junction-to-case 


thermal resistance 
Mounting surface 


junction-to- 


ambient temperature or free-air 
temperature 


case temperature 


virtual junction temperature 


storage temperature 


delay time 


fatl time 
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Definition 
Refer to thermal resistance (steady stata), page 1-4. 


The thermal resistance (steady-state) from the device 
case to the ambient. 


The thermal resistance (steady-state) from the semi- 
conductor junction (s) to the ambient. 


The thermal resistance (steady-state) from the semi- 
conductor junction (s} to a stated location on the 
case. 

The thermal resistance (steady-state) from the semi- 
conductor junction {s} to a stated location on the 
mounting surface. 


The air temperature measured below a device, in an 
environment of substantially uniform temperature, 
cooled only by natural air convection and not 
materially affected by reflective and radiant surfaces. 
(Ref. MtL-S-19500D par. 20.20.1) 


The temperature measured at a specified location on 
the case of a device. (Ref. MIL-S-195000 
par. 20.20.2) 


A theoretical temperature based on a simplified 
representation of the thermal and electrical behavior 
of the semiconductor device. 

NOTE: This term (and its definition) is taken from 
IEC standards. It is particularly applicable to 
multi-junction semiconductors and is used in 
this publication to denote the temperature of 
the active semiconductor element when 
required in specifications and test methods. 
The term “junction temperature’ is used 
interchangeably with the term = “virtual 
junction temperature” in this publication, 


The temperature at which the device, without any 
power applied, is stored. (Ref. MIL-S-195000 
par. 20.20.3) 


The time interval from the point at which the leading 
edge of the input pulse has reached 10 percent of its 
maximum amplitude to the point at which the 
leading edge of the output pulse has reached 10 
percent of its maximum omoplitude. (Ref. MIL-S- 
195000 par. 20.13) 


The time duration during which the trailing edge of a 
pulse is decreasing from 90to 10 percent of its 
maximum amplitude, (Ref, MIL-S-19500D0 
par. 20.12) 
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tr 


PULSE AMPLITUDE 


Term 
turn-off time 
turn-on time 


pulse time 


rise time 


storage time 


pulse c.etage time 


Definition 
The sum of ts + ty. 
The sum of tq * t 


The ume duration trom the point on the leading edge 
which is 90 percent of the maximum amplitude to 
the paint on the trailing edge which is 90 percent of 
the maximum = amplitude. (Ref. MIL-S-19500D 
par. 20.15) 


The time duration during which the amplitude of the 
leading edge of a pulse is increasing from 10 to 90 
percent of its maximum amplitude, 
(Ref. MIL-S-19500D par. 20.13) 


The time interval from a point 90 percent of the max- 
imum amplitude on the trailing edge of the input 
pulse to a point 90 percent of the maximum amplitude 
on the trailing edge of the output pulse. (Ret. MIL-S: 
195000 par. 20.14) 


The time duration from the point on the leading edge 
which is 50 percent of the maximum amplitude to a 
point on the trailing edge which is 50 percent of the 
maximum amplitude. (Ref, MIL-S-19500D0 
par. 20.10) 


DIAGRAM ILLUSTRATING PULSE TIME SYMBOLOGY 


OUTPUT PULSE 
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ViBRICBO 
(formerly 8VcRO) 


ViBRICEO. 
(formerly BVCEQ) 


V(BRICER. 
(lormerly BVCER) 


ViBRICES. 
(formerly BVcES) 


ViBRICEV. 
{formerly BVCEY) 


ViBRICEX 
{tormerly BVCEX) 


V(BR)EBO. 
(formerly BVEBQO) 


Ves. 
Yee. 
VEE 


Vec. 
Vee. 
vce. 
VCE 


Ves. 
Vec 


VBE(sat) 
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Term Definition 


breakdown voltage coliector-to The breakdown voltage between the collector termi- 

base, emitter open nal and the base terminal when the collector terminal 
is biased in the reverse direction with respect to the 
base terminal and the emitter terminal is 
open-circuited. (Ref. IEEE 255) 


breakdown voltage, collector-to- | The breakdown voltage between the collector termi- 
emitter with (base open, nal and the emitter terminal when the collector 
terminal is biased in the reverse direction” with 
respect to the emitter terminal and the base terminal 
is (as indicated by the last subscript letter as follows): 


resistance between base and emitter, 


base short-circuited to emitter, . 
O = opencircuited. 


R = returned to the emitter terminal through a 


voltage between base and emitter, itied resistance. 


Paes : S = short-circuited to the emitter terminal. 
circuit between base and emitter) 


V = returned to the emitter terminal through a 
specified voltage. 


X* returned to the emitter terminal througha 
specified circuit. 
(Ref. IEEE =255) 


breakdown voltage, emitter-to-base, The breakdown voltage between the emitter and base 

collector open terminals when the emitter terminal is biased in the 
reverse direction with respect to the base terminal 
and the collector terminal is open-circuited. 
(Ref. IEEE =255) 


supply voltage, dc (base, collector, The de supply voltage applied to a circuit connected 
emitter) to the reference terminal. 


average (base-to-) The dc voltage between the terminal indicated by the 
first subscript and the reference terminal (stated in 
terms of the polarity at the terminal indicated by the 
first subscript). 


voltage, dc or 
collector, 


base-to-emitter, 
collector-to-base, 
collactor-to-emitter, 
emitter-to-base, 
emitter-to-collector) 


saturation voltage, dc, base-to-emitter The de voltage between the base and emitter termi- 
nals for specified base-current and collector-current 
conditions which are Intended to ensure that the 
collector junction is forward-biased. 


*For these parameters, the collector termina! is con- 
sidered to be biased in the reverse direction when it 
is made positive for N-P-N transistors or negative for 
P.N-P transistors with respect to the emitter terminal. 
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Symbol! 
VcBO 


VCE(sat) 


VCEO 


VcER 


Vces 


VcEV 


VcEX 


VCEO(sus) 


VCERIsus) 


VCESlsus) 


VCEV (sus) 


VCEX (sus) 


Vest 


Term 


collector-to-base voltage, dc, emit- 
ter open 


saturation voltage, de, coliector-to- 
emitter 


collector-to-emitter voltage, dc, with 
(base open, 


resistance between base and emit- 
ter, 


base short-circuited to emitter, 


voltage between base and emitter, 


circuit benveen base and emitter) 


sustaining voltage, collector-to- 
emitter with (base open, 


Tesistance between base and emit: 
ter, 
base short-circuited to emitter, 


voltage between base and emitter, 


citcuit between base and emitter} 


de open-circuit voltage {lloating po- 
tential) (emitter-to-base) 


Definition 


The dc voltage between the collector terminal and the 
base terminal when the emitter terminal ls 
open-circuited. 


The de voltage between the collector and the emitter 
terminals for specified saturation conditions. 
(Ref. IEEE =255) 


The de voltage between the collector terminal and the 
emitter terminal when the base terminal is (as 
indicated by the last subscript letter): 


O = opencircuited, 


R= returned to the emitter terminal through a 
specified resistance. 


S = short-circuited to the emitter terminal, 


V= returned to the emitter terminel through a 
specified voltage. 


X = returned to the emitter terminal through @ 
specified circuit. 


The collector-to-emiter breakdown voltage at rele- 
tively high values of collector current where the 
breakdown voltage is relatively insensitive to changes 
in collector current, The base terminal is (as indicated 
by the third subscript lotter as follows}: 


O = open-eircuited 


R= returned to the emitter terminal through 8 
specified resistance 


S = short-circuited to the emitter terminal 


V= returned to the emitter terminal through 8 
specified voltage 


X= returned to the emitter terminal through 3 
specified circuit. 


NOTE: This would be the transient voltage between 
the collector and emitter terminals during switching 
with an inductive load from a forward-biased base- 
emitter to 6n external condition described by the 
third subscript letter, 


The de open-circuit voltage (floating potential) be- 
tween the emitter terminal and the base terminal 
vehen the collector termina! is biased in the reverse 
direction with respect to the base terminal. 
(Ref. EEE =255) 


EOE _ | 
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Symbot 


VEeo 


Z(t) 
(formerly 8()) 


29 JA(t) 
(formerly 8 J-A(t)) 


Ze ICI) 
{formerly 8 Jc(t)) 


Term 


emitter-to-base voltage, dc, col- 
lector open 


transient thermal impedance 


transient thermal impedance, junc- 
tion-to-ambient 


transient thermal impedance, junc- 
tion-to-case 
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Definition 


The de voltage between the emitter terminal and the 
base terminal with the collector terminal 
open-tirculted. 


Refer to transient thermal impedance, page 1-5. 


The transient thermal Impedance from the semi- 
conductor junction (s) to the ambient. 


The transient thermal impedance from the semi- 
conductor junction (s) to a stated location on the 
case. 
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THYRISTORS 
Thyristor Standards 


The documents listed below have overriding authority where any conflict may occur with this datz book. 


EIA and JEDEC Standards 


The thyristor terms and def.n-t.ons presented in this data book were obtained from EIA Standards Proposal 
No. 1101. This standard is in the process of publication and will be available from: 


Elecirdnic Industries Association 
2001 Eye St. NW, 

Washington, D.C. 20005 
Telephone: 202-659-2200 


(EEE Standards 


Institute of Electrical and Etectronic Engineers, Inc. 
345 East 47th. Street 
New York, N.Y. 10017 


IEEE No. 233: Standard Definitions of Terms for Thyristors 
International Electrotechnical Commission Standards 


American Nationa! Standards Institute, Inc 
1430 Broadway 
New York, N.Y. 10018 


lEC Publication 147-IC: Essential Ratings and Characteristics of Semiconductor Devices and General 
Principies of tieasuring Methods 
VEC Pub!ication 148: Letter Symbols for Semiconductor Devices and Integrated Circuits 


IEC Publication 191: ttechanical Standardization of Semiconductor Devices. 


Military Standards 


Commanding Officer, U.S. Naval Publications and Forms Center 

5801 Tabor Avenue 

Philadelphia, Pa, 19120 
MIL-S-19500: Semiconductor Devices, General Specification for 
MAIL-STD-105: Sampling Procedures and Tables for inspection by Attributes 
MIL-STD-202: Test Methods for Electronic and Electrical Component Parts 


MIL-STD-750: Test (Methods for Semiconductor Devices 
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Classes of Thyristors 
Bidirectional Diode Thyristor 


A two-terminal thyristor having substantially the same switching behavior in the first and third quadrants of the 
Principal voltage-current characteristic. (See Figure 4). 


Bidirectional Triode Thyristor 


A three-terminal thyristor having substantially the same switching behavior in the lirst and third quadrants of the 
principal voltage-current characteristic. (See Figure 4}. 


N-Gate Thyristor 


A thyristor in which the gate terminal is connected to the N-region adjacent to the region to which the anode 
terminal is connected and which is normally switched to the on-state by applying a negative signal between gate 
and anode terminals. 


P.Gate Thyristor 


A thyristor in which the gate terminal is connected to the P-region adjacent to the region to which the cathode 
terminal is connected and which is normally switched to the on-state by applying a positive signal between gate 
and cathode terminals, 


Reverse-Blocking Diode Thyrlstor 


A two-terminal thyristor which switches only for positive anode-to-cathode voltages and exhibits a reverse- 
blocking state for negative anode-to-cathode voltages. 


Reverse-Blocking Triode Thyristor 


A three-terminat thyristor which switches only for positive anode-to-cathode voltages and exhibits a 
reverse blocking state for negative anodo-to-cathode voltages. 


Reverse-Conducting Diode Thyristor 


A two-terminal thyristor which switches only for positive anode-to-cathode voltages and conducts large currents 
at negative anode-to-cathode voltages comparable in magnitude to the on-state voltage. 


Reverse-Conducting Triode Thyristor 


A three-terminal thyristor which switches only for positive anode-to-cathode voltages and conducts large currents 
at negative anode-to-cathode voltages comparable in magnitude to the on-state voltage. 


Semiconductor Controlled Rectifier (SCR) 


An alternative name used for the reverse-blocking triode thyristor. 

NOTE: Although not an official definition, the term unidirectional is sometimes used to describe the single 
switching class of thyristors consisting of reverse-blocking and reverse-conducting thyristors. This term is 
useful for comparing or contrasting this class of thyristor with bidirectional thyristors. 


Thyristor 


A bistable semiconductor device comprising three or more junctions, which can be switched from the off-state to 
the on-state or vice versa, such switching occuring within at feast one quadrant of the principle voltage-current 
characteristic, (See Figures 1 through 5). 


Turn-Off Thyristor 


A thyristor which can be switched from the on-state to the off-state and vice versa by applying control signals of 
appropriate polorities to the gate terminal, with the ratio of triggering power to triggered power appreciably less 
than ono, 
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Physical Structure Nomenclature 
Anode 


The electrode by which current enters the thyristor when the thyristor is in the on-state with the gate 
open-circuited, 
NOTE: This term does not apply to bidirectional thyristors. 


Anode Terminal 


The terminal which is connected to the anode. 
NOTE: This term does not apply to bidirectional thyristors. 


Cathode 


The electrode by which current leaves the thyristor when the thyristor is in the on-state with the gate 
open-circuited. 
NOTE: This term does not apply to bidirectional thyristors. 


Cathode Terminal 


The terminal which is connected to the cathode. 
NOTE: This term does not apply to bidirectional thyristors. 


Collector Junction 
The junction across which the polarity of the voltage reverses when switching occurs. (See Figure 1). 
Electrode (of a Semiconductor Device) 
An electrical and mechanical contact to a region of a semiconductor device. 
Gate 
An electrode connected to one of the semiconductor regions for introducing control current. 
Gate Terminal 
A terminal which is connected to a gate. 
Junction (of s Semiconductor Device) 


A region of transition between semiconductor regions of different electrical properties (e.g., n-nt, p-n, p-pt 
semiconductors), or between a metal and a semiconductor. 


Main Terminals 
The terminals through which the principal current flows. 
Main Terminal 1 (of a Bidirectional Thyristor) 


The main terminal which is named ‘1°’ by the device manufacturer. This is normatly the referance terminal for all 
voltages. 


Main Terminal 2 (of a Bidirectional Thyristor) 
The main terminat which is named “2” by the device manufacturer. 
Terminal (of » Semiconductor Device) 


The externally available point of connection to one or more electrodes. 
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Electrical Characteristic and Rating Terms (See Note at end of section) 
Anode-to-Cathode Voltage (Anode Voltage} 


The voltage between the anode terminal and the cathode termina). 
NOTE: It is called positive when the anode potential 1s more positive than the cuthode potential, and called 
negative when the anode potential is less positive than the cathode potential. 


Anode-to-Cathode Voltage-Current Characteristic (Anode Characteristic) 


A function, usually represented graphically, relating the anode-to-cathode voltage to the principal current with 
gate current, where applicable, as a parameter 
NOTE: This term does not apply to bidirectional thyristors. 


Breakover Point 


Any point on the principal voltage-current characteristic for which the dilferential resistance is zero and where 
the principal voltage reaches a maximum value. (See Figures 2 and 4). 
Negative-Differential-Resistance Region 
Any portion of the principai voltage current characteristic in the switching quadrant(s) within which the 
differential resistance is negative. (See Figures 2 and 4). 
Off-Impedance 
The diflerential impedance between the terminals through which the principal current flows when the thyristor 
is in the off. state at a stated operating point. 
OH-State 
The condition of the thyristor corresponding to the high-resistance, low-current portion of the principal 
voltage-current characteristic between the origin and the breakover point(s) in the switching quadrant(s). 
On-Impedance 
The diHerential impedance bet-veen the terminals through which the principal current flows when the thyristor 
is in the on-state at a stated operating point. 
On-Stute 
The condition of the thyristor corresponding to the low-resistance, low-voltage portion of the principal 
voltage-current characteristic in the switching quadrant(s). 


NOTE. In the case of reverse-conducting thyristors, this definition is applicable only for a positive 
anode-to-cathode voltage. 


Principal Voltage 
The voltage between the main terminals. 
NOTES. 1. In the case of reverse-blocking and reverse-conducting thyristors, the principal voltage is called 


positive when the anode potential is more positive then the cathode potential, and called negative 
when the anode potential is less positive than the cathode potential. 


2. For bidirectional thyristors, the principal voltage is called positive when the potential of main 
terminal 2 is more positive than the potential of main terminal 1. 


Principal Voltage-Current Characteristic (Principal Characteristic) 


The function, usually represented graphically, relating the principal voltage to the principal current with gate 
current, where applicable, as a parameter. 
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a TS 


Reverse- Blocking Impedance (of a Reverse-Blocking Thyristor) 
The differential impedance between the two terminals through which the principal current flows when the 
thyristor is in the reverse blocking state at a stated operating point. 

Reverse-Blocking State {of 2 Reverse-Blocking Thyristor) 


The condition of a reverse-blocking thyristor corresponding to the portion of the anode-to-cathode voltage-current 
characteristic for which reverse currents are of lower magnitude than the reverse breakdown current, (See 
Figure 2). 


QUADRANT DEFINITIONS 


+Vs 
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Symbols, 


Symbot 
(BO) 


*(BO) 
IBRIR 


(BRIR 


Terms and Definitions 
Term | Definition 
Static Breskover Current The principal current at the breakover point. 


Instantaneous Breakover Current 


Static Reverse Breakdown Current The principal current at the reverse breakdown 
voltage. 
Instantaneous Reverse Breakdown Current | 


'O(RMS 


RMS Off-State Current | The principal current when the thyristor is in the 
olf-state. 


| 


Static Off-State Current ! 
Average OH-State Current 


Instantaneous OH-State Current 


Peak Off-State Current 


a 


Repetitive Peak Off-Stare Current The maximum instantaneous value of the off-state 
current that results from the application of repetitive 
peak off-state voltage. 


Ig Static Gate Current The current that results from the gate voltage. 
NOTES: 1, Positive gate current refers to conven: 
IG(av) | Average Gate Current tional current entering the gate ter- 
minal, 
i Instantaneou fren 
'G tantaneous Gate: Current 2. Negative gate current refers to conven: 
ional cur! ing th rminsl. 
Ign Peax Gate Current ti current leaving the gate te ry 
IGp Static Gate Nontrigger Current The maximum gate current which will not cause the 
thyristor to switch from the off-state to the on-state. 
1GD Instantaneous Gate Nontrigger Current 
IGon Peak Gate Nontrigger Current 


Static Gate Turn-OH Current The minimum gate current required to switch a 
thyristor from the on-state to the off-state. 


Instantaneous Gate Turn-Off Current 
Peak Gate Turn-OH Current 


Static Gate Trigger Current The minimum gate current required to switch a 


thyrlator from the off-state to the on-state. 
Instantaneous Gate Trigger Current 


Peak Gete Trigger Current 


a 
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Static Holding Current 
Instantaneous Holding Current 
Static Latching Current 


Instantaneous Latching Current 


RMS Reverse Current 
Static Reverse Current 
Average Reverse Current 
Instantaneous Reverse Current 
Peak Reverse Current 


Repetitive Peak Reverse Current 


AMS On-State Current 


Static On-Stote Current 


Average On-State Current 


Instantaneous On-State Current 
Peak On-State Current 


Overload Peak On-State Current 


Repetitive Peak On-State Current 


Surge (Nonrepetitive) Peak On-State Current 


Static Gate Power Dissipation 


Average Gate Power Dissipation 


Instantaneous Gate Power Dissipation 


Peak Gote Power Oissipation 


TEXAS INSTRUMENTS 


TERMS AND DEFINITIONS 
THYRISTORS 


Osfinition 


The minimum principal current required to maintain 
the thyristor in the on-state, 


The minimum principal current required to maintain 
the thyristor in the on-state immediately after 
switching from the off-state to the on-state has 
occurred and the triggering signal has been removed. 


The current for negative anode-to-cathode voltage. 


The maximum instantaneous value of the reverse 
current that results from the application of repetitive 
peak reverse voltage, 


The principal current when the thyristor is in the 
on-state. 


An on-state current of substantially the same 
waveshape as the normal on-state current and having 
8 greater value than the normal on-state current. 


The peak value of the on-state current including all 
repetitive transient currents. 


An on-state current of short-time duration and 
specified waveshape. 
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oan [id 


Free-Air Temperature 
(Ambient Temperature) 


Ta 


Tc 


Ty 


Tstg 


Case Tempersture 


Virtual Junction Temperature 
(Junction Temperature} 


Storage Temperature 


Gate-Controlled Turn-On Time 


Gate-Convolled Turn-Off Time 


Circuit-Commutated Turn-OH Time 


Definition 
The air temperature measured below a device, in an 
environment of substantially uniform temperature, 
cooled only by natural air convection and not 


materially affected by reflective and radiant surfaces. 
(Ref. MIL-S-19500D par. 20.20.1) 


The temperature measured at a specified location on 
the case of a device. (Rel. MIL-S-19500D par. 
20.20.2} 


A theoretical temperature based on a simplified 
fepresentation of the thermal and electrical behavior 
of the semiconductor device. 

NOTE: This term land its definition) is taken from 
(EC standards. {1 is particularly applicable to 
multi-junction semiconductors and is used in 
this publication to denote the temperature of 
the active semiconductor element when 
required in specifications and test methods. 
The term “junction temperature’ is used 
interchangeably with the term “virtuol 
junction temperature” in this publication. 


The temperature at which the defice, without eny 
power applied, is stored. (Ref. MIL-S-19500D par. 
20.20.3) 


The time interval between 9 specificd point at the 
beginning of the gate pulse and the instant when the 
principal voltage (current) has dropped (risen) to 8 
specified low {high) value during switching of a 
thyristor from the off-state to the on-state by a gate 
pulse. 


The time interval between a specified point at the 
beginning of the gate pulse and the instant when the 
principal current has decreased to a specified value 
during switching from the on-state to the off-state by 
a gate pulse. 


The time interval between the instant when the 
principal current has decreased to zero after external 
switching of the principal voltage circuit, and the 
instant when the thyristor is capable of supporting a 
specified principal voltage without turning on, 


ee 
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Rosa 
Roc 
Roca 
V(Bo) 
¥(BO) 
VisR)A 


V(BRIR 


VoIRMS 
Vo 
Vptav) 
yD 

Vom 


VoRM 


VosSM 


Vowam 


VG 
VGIAv) 
.G 


Vom 


Thermal Resistance 

Thermal Resistance, Junction-to-Ambient 
Thermal Resistance, Junction-to-Case 
Thermal Resistance, Case-to-Ambient 
Static Breakover Voltage 

Instantaneous Breakover Voltage 

Static Reverse Breakdown Voltage 


Instantaneous Reverse Breakdown Voltage 


RMS Off-State Voltage 
Static Off-State Voltage 
Average Olf-State Voltage 


Instantancous Off-State Voltage 


Poak Olf-State Voltage 


Repetitive Peak Off-State Voltage 


Nonrepetitive Peak Off-State Voltage 


Working Peak Off-State Voltage 


Static Gate Voltage 


Average Gate Voltage 


Instantaneous Gate Voltage 


Peak Gate Voltage 
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Ovfinition 
The temperature difference between two specified 


points or regions divided by the power dissipation 
under conditions of thermal equilibrium. 


The principal voltage at the breakaver point. 


The value of negative anode-to-cathode voltage at 
which the differential resistance between the anode 
and cathode terminals changes from a high value to a 
substantially lower value. 


The principal voltage when the thyristor is in the 
off-state. 


The maximum instantaneous value of the off-state 
voltage which occurs across a thyristor, Including all 
repetitive wansient voltages, but exctuding all non- 
repetitive transient voltages. 


The maximum instantaneous value of any non- 
repetitive transient off-state voltage which occurs 
across the thyristor. 


The maximum instantaneous value of the off-state 
voltage which occurs across a thyristor, excluding all 
repetitive and nonrepetitive transient voltages. 


The voltage between a gate terminal and a specified 

main terminal. 

NOTE: Gate voltage polarity is referenced to the 
specified main terminal. 
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YGD 


‘GO 
Voom 
VGT 
‘GT 


VoTm 


Static Gate Nontrigger Voltage 
Instantaneous Gate Nontrigger Voltage 
Peak Gate Nontrigger Voltage 


Suatic Gate Turn-Off Voltage 


Peak Gate Turn-Olf Voltage 


Static Gate Trigger Voltage 


Instantaneous Gate Turn-Off Voltage 


Instantaneous Gate Trigger Voltage 


Peak Gate Trigger Voltage 


Definition 


The maximum gate voltage which will not cause the 
thyristor to switch from the off-state to the on-state, 


The gate voltage required to produce the gate turn-olf 
current, 


The gate voltage required to produce the gate trigger 
current, 


VR(RMS) 
VR 
VRIAV) 
vR 

VAM 


VRRM 


Static Reverse Voltage 


ARMS Reverse Voltage 


Average Reverse Voltage 
Instantaneous Reverse Voltage 
Peas Revere Voltage 


Repetitive Peak Reverse Voltage 


A negative anode-to-cathode voltage. 


The maximum instantaneous value of the reverse 
voltage which occurs across the thyristor, including 
all repetitive transient voltages, but excluding all 
Nnonrepetitive transient voltages. 


VRSM Nonrepetitrve Peak Reverse Voltage The maximum instantaneous value of any non- 


repetitive transient 
across a thyristor. 


reverse voltage which occurs 


VAWM 


VT(RMS) 


VT 
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Working Peak Reverse Voltage 


AMS On-State Voltage 


Static On-State Voltage 


Average On-State Voltage 
Instantaneous On-State Voltage 


Peak On-State Voltage 


The maximum instantaneous value of the reverse 
voltage which occurs across the thyristor, excluding 
all repetitive and nonrepetitive transient voltages. 


The principal voltage when the thyristor is in the 
on-state. 
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Symbol 
VT(MIN) 


Zoi) 
ZOJAlt) 


Zarit) 
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Definition 
um positive principal voltage for which the 
resistance is zero with the gate 
open-circuited. 


Static Minimum On-State Voltage 


Transient Thermal Impedance The change of temperature difference between two 
specified points or regions at the end of a time 
Transient Thermal Impedance, Junction-to-Ambient interval divided by the step function change in power 
dissipation at the beginning of the same time interval 
Transient Thermal Impedance, Junction-to-Case causing the change of temperature difference. 
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LEISTUNGS TRANSISTOR SEGRIFFE, DEFINITIONEN UND SYMBOLE 


Einleitung 


Dieser Teil enthalt Buchstaben-Symbole, Abkirzungen und Definitionen, die im Zusammmenhang mit Leistungstransistoren 
verwendet werden. Der grdBte Teil dieser Information ist der JEDEC Veréftentlichung No. 77 entnommen. Dieses Doku- 
ment und die JEDEC JC-25 Registration haben bei unterschiedlicher Auslegung den Vorrang. 


Leistungs Transistor Begriffe und Definitionen 


Begritt 


Basis (B, b)” 


Durcnbruch 


Durchbruchsbereich . 


Durchbruchsspannung . 


Kollektor (C,¢)" . 


Emitter {E, e)* 


Kollektorsperrschicht 


Emittersperrschicht . 


Offtene Schaltung . 


Sperrstrom . 


Definition 


Eine Zone, die zwischen Emitter und Kollektor eines Transistors liegt und 
in die Minoritatstrager injiziert wird. (Ref. GO IRE 26.S1) 


Eine Erscheinung, die in einer sperrgepolten Halbleitersperrschicht auf- 
tritt. Der Ursprung laGt sich beobachten als Ubergang eines Gebietes mit 
groBem Kleinsignalwiderstand in ein Gebiet mit wesentlich geringerem 
Kleinsignalwider stand bei ansteigender GrdéGe des Sperrstromes. 

(Ref, RS-282 Pas. 1.33) 


Ein Bereich in der Spannungsstromcharakteristik nach Beginn des Durch- 
bruchs bei ansteigender GroBe des Sperrstromes. (Ref. RS-282 Par. 1.37) 


Die Spannung, die bei einem vorgegebenen Strom in einem Durchbruch- 
bereich gemessen werden kann. (Ref. MIL-S. 19500D Par. 20.3) 


Eine Zone, durch die ein PrimarfluB von Ladungstragern die Basis verlaGt. 
(Ref. 60 IRE 28.S1) 


Eine Zone, aus der Ladungstrager, die in der Basis Minoritatstrager sind, 
in die Basis injiziert werden. (Ret. 60 IRE 28.S1) 


Eine Halbleitersperrschicht, die im Normalfall in Sperrichtung betrieben 
wird. Der flieBende Strom kann durch die Injizierung von Minoritatstra- 
gern in die Basis gesteuert werden. (Ref. 60 IRE 26.S1) 


Eine Halbleitersperrschicht, die im Normalfall in DurchlaBrichtung betrie- 
ben wird. Aus ihr werden Minoritatstrager in die Basis injiziert. 
(Ref. 60 IRE 28.S1) 


EineScha!tung, bei der die Halbierung der abschlieBenden Impedanz keine 
Anderung der au messenden Parameter innerhalb der angewandten MeG- 
genauigkeit verursacht. (Ref. MIL-S. 19500D Par. 20.8) 


Der Strom, der in der Sperrichtung durch eine Halbleiter-Sperrschicht 
flieGt. 
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Begritt 


Sperrichtung 


Sdttigung 


Zweiter Durchbruch . 


Halbleiter-Anordnung 


Halbleiter-Sperrschicht . 


(kurz Sperrschicht) 


KurzschluG . 


Kleinsigna! . 


Statischer Wert 


Anschlu8 


Definition 


FluGrichtung eines Stromes, der bei Anlegen einer positiven Spannung an 
die n-Zone eines Halbleiters gegeniber der p-Zone entsteht. 


Ein durch Basis- und Kollektorstrom verursachter Zustand, bei dem die 
Kollektorsperrschicht in DurchlaBrichtung gepolt ist. 


Ein Zustand in einem Transistor, hervorgerufen von einer lateralen Strom- 
unstabilitat, in welcher die elektromischen Eigenschaften hauptsachlich 
durch den Verbreitungswiderstand einer thermisch erzeugten Einschirung 
bestimmt sind. Der Beginn des Zweiten Durchbruchs ist gekennzeichnet 
durch eine Verminderung der Kollektor-Sperrspannung. 


Achtung! Der Zweite Durchbruch unterscheidet sich vom thermischen 
Austall, indem der thermische Anfang des Durchbruches nicht von ther- 
mischen Widerstandsmessungen bei niedriger Kollektorspannung voraus- 
sagbar ist. 


Wenn der Strom und die Dauer des Zweiten Durchbruchs nicht begrenzt 
werden, wird die hohe Sperrschicht-Temperatur am Ort der Einschnirung 
einen Ausfall erzeugen, der meistens als Kurzschlu& von Kollektor zu 
Emitter erscheint. 


Der Zweite Durchbruch kann bei positivem, negative oder keinem Ba- 
sisstrom vorkommen. 


(Siehe Abschnitt SOA — “‘Maximale Betriebsbereiche”’ um den Transistor 
gegen Zweiten Ourchbruch zu schitzen) 


Eine Anordnung, deren wesentliche Eigenschaften durch den Flu@ von 
Ladungstragern innerhalb eines Hatbieiters bestimmt sind. 
(Ref. RS-282 Par. 1.09) 


Die Zone eines Uberganges zwischen Halbleitergebieten mit unterschied- 
lichen elektrischen Eigenschaften (z.B. n-ni, p-pt, p-n Halbleiter) oder 
zwischen einem Metall und einem Halbleiter. (Ref. RS-282 Par. 1.0) 


Eine Schaltung, bei der die Verdoppelung der abschlieBenden Impedanz 
keine Anderung der zu messenden Parameter innerhalb der angewandten 
MeBgenauigkeit verursacht. (Ref. MIL-S. 19500D Par. 20.16) 


Ein Signal, bei dem die Verdoppelung seiner GréBe keine Anderung der 
zu messenden Parameter innerhalb der angewandten MeRgenauigkeit ver- 
ursacht. (Ref. MIL-S. 19500D Par. 10.17) 


Eine nicht variable GréBe oder Menge als MeRwert in einem vorgegebenen 
Arbeitspunkt. Auch die Steigung der Verbindungslinie zwischen Anfangs- 
und Arbeitspunkt auf der vorgegebenen Kennlinie. 

(Ref. IEEE 255 Par. 2.2.1) 


AuBen liegender Verbindungspunkt zu einer oder mehreren Elektroden. 
(Ref. RS-282 Par. 1.14) 
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Begrift 


Warmewiderstand (stationar) . 


Transiente-Warmeimpedanz 


Transistor 


Mehrfachsperrschicht-Transistor . 


Definition 


Temperaturdifferenz zwischen zwei Punkten oder Zonen, dividiert durch 
die angegebene Leistung bei thermischem Gleichgewicht. 
(Ref. EEE 223) 


Anderung der Temperaturdifferenz zwischen zwei vorgegebenen Punkten 
oder Zonen am Ende eines Zeitintervalles, dividiert durch die auslésende 
sprunghafte Anderung der abgegebenen Leistung, die zu Beginn des Zeit- 
intervalles zur Temperaturdifterenz fahrte. (Ref. IEEE 223) 


Eine aktive Halbleiteranordnung mit drei oder mehr Anschlissen, die in 
der Lage ist, Leistung zu verstarken. (Ref. IEC 147-0 Par. 0-2.8) 


Ein Transistor mit einer Basis und zwei oder mehr Sperrschichten. 
Schaltzeichen: 

{Bel den Schaltzeichen ist der einschlieRende Kreis dann nicht unbedingt 
angebracht, wenn keine anderen Schaltelemente angeschlossen sind) 


NPN PNP 

Kollektor Kolle«tor 
Basis Bass 

Emitter Emitter 
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Symbol 
Cibo 


Cobo 


thie 


fT 


GPE 


hFE 


hfe 


HIE 


hie(imag) 
oder 
Imihje) 


Hie (real) 
oder 
Rethie) 


hoe 


Begriff 


Eingangskapazitat bei offenem 
Eingang 


Ausgangskapazitat bei offenem 
Eingang 


untere Grenztrequenz der Klein- 
signal-Kurzschlu@-Stromver star kung 
{Emitterschahtung) 


Transitfrequenz oder Frequenz, 
bei der die Kleinsignal-KurzschluG- 
Stromverstarkung (Emitter-Schal- 
tung) aul 1 extrapoliert ist. 


GroBsignal-Leistungsverstarkung 
{Emitterschaltung) 


Gleichstomverstarkung 
(Emittersehaltung) 


Kurzschlu8stromverstarkung 
(Kleinsignal, Emitterschaltung) 


statische Erngangsimpedanz 


Kleinsignal-KurzschluGeingangs- 
impedanz (Emitterschaltung) 


Imaginartei der KurzschtuG- 
Eingangsimpedanz (Kleinsignal, 
Emitterschaltung) 


Realteil der Kurzschlu8-Eingams- 
impedanz (Kleinsignal, Emitter- 
schaltung) 


Leertaut-Ausgangs-Leitwert 
(Kleinsignal, Emitterschaltung) 


Definition 


Die Kapazitat, die uber den Eingangsanschlissen (Emit- 
ter und Basis) gemessen wird, wobei der Kol'ektor 
wechselspannungsmaBig offen ist. (Rel. IEEE 255) 


Die Kapazitat, die ber den Ausgangsanschlissen (Kol- 
lektor und Basis) gemessen wird, wobei der Eingang 
wechselspannungsmaBig offen ist. (Ref. IEEE 255) 


Die untere Grenzfrequenz, bei der die GroGe der Klein- 
signal-KurzschluG-Stromverstarkung auf das 0,707 fache 
des Wertes bei einer vorgegebenen Niederfrequenz 
(meist 1 kHz oder weniger) abgesunken ist. 

(Ref. IEEE 255) 


Das Produkt aus dem Betrag der Kleinsignal-Kurzschlug- 
Stromverstarkung in Emitterschaltung, Ihfel und der 
MeUfrequenz, vorausgesetzt diese MeBtrequenz ist eus- 
reichend hoch, so da |hfei mit einem Abtail von ca. 

6 dB/Oktave abnimmt. (Ret. IEEE 255) 


Das meist in dB ousgedrickte Verhaltnis der an die Last 
abgegebenen Leistung zu der dem Eingang zugeluhrten 
GroBsignalleistung. 


Das Verhaltnis des Gleichspannunysausgangsstromes 
zum Gleichspannungseingangsstrom. 


Das Verhaltnis des Ausgangswechselstromes zum Ein- 
gangswechselstrom be: wechselspannungsmankig kursge- 
schlossenem Ausgang. (Aci. MIL-S-19500D Par. 30.28) 


Das Verhalinis von Basis-Emitter Gleichspannung zu 
Basis Gieichstrom. (Ret. MIL-S-19500D Par. 30.28) 


Das Verhaltnis der Kleinsignaleingangs-Wechselspannung 
zum Eingangswechselstrom bei kurzgeschlossenem Aus- 
gang. (Ref. MIL-S-19500D Par. 30.24) 


Das Verhaltnis des Imaginarteils der (Kleinsignal) 
Wechselspannung zwischen Basis und Emitter zum 
Basiswechselstrom bei wechselspannungsmaBigem Kurz- 
schluG zwischen Kolicktor und Emitter. 


Das Verhaltnis des Realteils der (Kteinsignal) Wechsel- 
spannung zwischen Basis und Emitter zum Kleinsignal 
Basiswechsetstrom bei wechselspannungsmaBigem Kurz- 
schluG zwischen Kolicktor und Emitter. 


Das Verhasinis des Wechselstromes am Ausgang zu der 
an die Ausgangsanschlusse angelegten Ki cinsignal- 
Wechselspannung bei wechselspannungsmaBGig offenem 
Eingang. (Ref. MIL-S-19500D Par. 30.15) 


TEXAS INSTRUMENTS 


—_—_—_—_—_— EE 


Osfinition 


Oas Verhaitnis des Kollektorwechselstromes zum 
Imaginarteil der (Kleinsignal) Wechsalspannung rwi- 
schen Kollektor und Emitter bei wechseltpannungs- 
maBig offener Basis, 


Das Verhaitnis des Kollektorwechselstromes zum Real- 
teil der (Kleinsignal) Wechselspannung zwischen Kollek- 
tor und Emitter mit wechselspannungsmaig offener 
Basis. 


Die Gro8e des Gleichstromes, der in die durch den 
Index angegebenen Elektrode flieBt. 


Oer Eftektivwert des Wechselanteiles des Stromes, der 
in die durch den Index angegebenen Elektrode flie8t. 


Der momentane Gesamtwert des Stromes, der in die 
durch den Index angegebenen Elektrode flie8t. 


Zeichnung zur Erklaérung der bei Stroémen verwendeten Symbole und Begritfa 
(hier fir Kollektorstrom) (Ref. IEEE 255) 


Symbol Bagriff 
Noelimag) imeginérteil des Leertauf-Ausgangs- 
oder leitwertes (Emitterschahung) 
Imihge) 
Noe(real) Realteil des Leerlauf-Ausgangs- 
oder lettwertes {Emitterschaltung) 
Rethoe) 
'g, Basis-, Kollektor- oder Emitter- 
tc. Gleichstrom 
le 
Ib, Basis-, Kollektor- oder Emitter- 
le. Wechselstrom (€ ffektivwert) 
le, 
ig. Momentaner Basis- {Kollektor- 
ic. oder Emitter-) Gesamtstrom 
ie 
Wachselantenls 
{1 . 
jwhute y Taus 
Gleich- und 
Sie [Werhselantet 
lerchstrom 
ohne Wechsel- 
stromantedl | 
ohne Wochsaimnromanterl 
Kollektorstrom 

Icg0 Kolloktor-Basis-Reststrom 


bei offenem Emitter 


\G; lem. 
Elfektivwert des Moaximaler Spstzanwert 
Ges Wechselanteits 


Wechtelstromanterts 


IC{RMS)- 
eset. 
Effeutovwert 


Der Kollektorstrom bei Betrieb des Kollektors (bezo- 
gen auf dle Basis) In Sperrichtung bei offenem 


Emitter (Re. IEEE 255) 


SS SS EES 
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Symbol 


IcEO 
ICER 
Ices 
ICEV 


ICEX 


i -f0) 


PaE 


PRE 


POE 


Pr 


tb'Cc 
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Begriff 
Kollektor-Emitter-Reststrom 
bei offener Basis 


.. Mit einem Widerstand zwischen 
Basis und Emitter 


. . bei kurzgeschlossener Basis- 
Emitterstrecke 


..Mit einer Spannung zvischen 
Basis und Emitter 


.. Mit definierter Schattung rwischen 
Basis und Emitter 


Emitter-Basis Resistrom bei 
offenem Koilextor 


Gleichstrom Eingangsleistung zur 
Basis (Emitterschaltung) 


Momentane Eingangsleistung zur 
Basis (Emitterschaltung) 


GroBsignal-Ausgangsleistung 
(Basisschaltung, Emitterschaltung) 


Gesamtverlustleistung 


Momentarwert der Gesamt- 
verlustteistung 


Kollektor-Basis Zeitkonstante 


Definition 


Oer Kollektorstrom bei Betricb des Kolicktors bezogen 
auf den Emitter in Sperrichtung” und Verbindung der 
Basis nach der durch den letzten Indexbuchstaben ge- 
kennzeichneten Art. 


Es bedeuten: 
O = offene Basis 


R = Ruekfuhrung zum Emitter durch einen Wider- 
stand 


= Kurzschlu@ zum Emitter 


Ss 
V = AnschluB einer vorgegebenen Spannung zwischen 
Basis und Emitter 


X = Ruckfuhrung zum Emitter durch cinen vorgegebe- 
ne Schaltung zwischen Basis und Emitter. 


(Ref. (EEE 255) 


Der Emitterstrom bei Betricb des Emitters bezogen aut 
die Basis in Sperrichtung mit offenem Kollektor. 
(Ref. IEEE 255) 


Das Produkt aus Gleichstrom und -Spannung an den 
Eingangsanschiiissen bei Emitterschattung. 


Das Produkt aus den momentanen Strom- und Span- 
nungswerten an den Eingangsanschlissen bei Emitter- 
schaltung. 


Das Produkt aus GroBsignal-Ausgangswechselstrom 
und -spannung an den Ausgangsanschlussen bei der 
Betriebsart, die durch den zweiten Indexbuchstaben 
vorgegeben ist. 


Die Summe der Produkte der zugetiihrten entsprechen- 
den Gleichspannungs- und Stromwerte, 2.8. 
VeeE‘!lea+Vce-'c oder 

Vee ‘le + cp‘ tc 


Die Summe der Produkte der Momentanwerte der zu- 
gefuhrten Gleichspannungen und Stréme, 


Das Produkt des Basis-Eigenwiderstandes und der 
Kollektorkapazitat bei vorgegebenen Kleinsignalbedin- 
gungen. 


Fur chesa Porameter ist die Sperrichtung definiert boi 
NPN.-Transistoren mit positive und boi PNP-Tronsisioren 
mit negativom Kollektor gogenvber dem Emitter. 
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Symbol 


Ag 
(fruher 0) 


ROCA 
ROA 
(fruher Oya) 
Rosc 
(froher 4 jc} 


Roam 


Ta 
oder 


Tu 


Te 


oder 
1G 
Tj 


Tstg 


tq 


Begriff 
Warmewiderstand 
Warmewiderstand Gehause- 


Umgebung 


Warmewiderstand, Sperrschicht- 
Umgebung 


Warmewiderstand, Sperrschicht- 


Gehause 


Warmewiderstand, Sperrschicht- 
Montageflache 


Umgebungsternperatur oder 
Raumtemperatur 


Gchausetemperatur 


Virtuelle Sperrschicht-Temperatur 


Lagerungstemperatur 


Verzogerungszeit 


TEXAS INSTRUMENTS 


Definition 


siehe Warmewiderstand (staionarer Zustand} 


Der Warmewiderstand (stationarer Zustand) vorn Ge- 
hause der Anordnung zur Umgebung. 


Der Warmewiderstand (stationarer Zustand) von der 
Halbleitersperrschicht zur Umgebung. 


Oer Warmewiderstand (stationarer Zustand) von der 
Halbleitersperrschicht zu einem definierten Punkt auf 
dem Gehause. 


Der Warmewider stand (stationarer Zustand) von der 
Halbleitersperrschicht zu einem definierten Punkt auf 
der Montageflache. 


Die Lufttemperatur, gemessen unterhalb einer Anord- 
nung in einer Umgebung von gleichmaGiger Temperatur 
und nur durch Konvektion der Luft gekuhit; reflektie- 
rende und strahlende Oberflachen in der Nahe sind un- 
zulassig. (Ref. MIL-S-19500D Par. 20.20.1) 


Die Temperatur, die an einem definierten Punkt des 
Gehauses der Anordnung zu messen ist. 
(Ref. MiL-S-19500D Par. 20.20.2) 


Temperaturangabe fur die Sperrschicht als Ergebnis 
einer Berechnung, die unter Annahme eines vereinfach- 
ten Modells des thermischen und elektrischen Verhal- 
tens der Halbleiteranordnung durchgefuhrt wird. 


Achtung: Der Ausdruck: Virtuelle Sperrschicht Tempe- 
ratur stammt aus den 1EC-Standards. 

Er ist speziell bei Mehrfach-Sperrschicht-Halbleitern 
anwendbar und wird in diesem Verzeichnis benutzt, 

um die Temperatur des aktiven Teiles eines Halbleiter- 
Bauteiles bei den spezifischen Daten und bei Angaben 
in Profschaltungen anzugeben. 

Die Ausdricke ‘“‘virtuelle Sperrschicht-Temperatur” 
und “Sperrschichttemperatur” werden dabei in diesem 
Verzeichnis gleichbedeutend nebeneinander benutzt. 


Die Temperatur, bei der der ‘’Halbleiter’ ohne von 
auBen zugefihrte Leistung gelagert werden darf. 
(Ref. MIL-S-19500D Par. 20.20.3)} 


Das Zeitintervall, dessen Beginn der Punkt ist, bei dem 
die Vorderflanke des Eigenimpulses 10% seiner Maxi- 
malamplitude erreicht hat und dessen Ende der Punkt 
ist, bei dem dia Vorderflanke des Ausgangssignals eben- 
falls 10% seiner Maximatamplitude errelcht hat. 

(Ref. MIL-S-19500D Par. 20.11} 
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Symbol 


Ti 


taus 
tein 


' 


tr 


ts 


Begriff 


Abfallzeit 


Ausschaheit 
Einschaltzeit 


Impulsdauer 


Anstiegszeit 


Speicher zeit 


Mittlere Impulsdauer 


Erngamgumpeis 


tmpulsimphitude ———o 


Definition 


Die Ze:tdauer, bei der die Ruckllanke eines impulses 
von 90% auf 10% der Maximalamplitude abnimmt. 
(Ref. MIL-S-19500D Par. 20.12) 


Die Summe von tg + tf. 
Die Surome von tq + tr. 


Die Zeit zwischen dem Punkt mit 90% der Maximal- 
amplitude auf der Vorderflanke und dem Punkt mit 
90°. der Maxiralamp!nude aut der Riickflanke des 

(impulses. (Ref. MIL-S-19500D Par. 20.15) 


Die Zeit, be: der die Vorderflanke eines Imputses von 
1075 auf 90% scines Maximalwertes ansteigt. 
(Ref. MIL-S-19500D Par. 10.13) 


Das Zcitintervall, dessen Beginn der Punkt ist, bei dem 

die Ruckllanke des Eingangsimpulses 90% seiner Maxs- 

malamphitude unterschreitet und dessen Ende der Punkt 
ist, bei dem die Ruckflanke des Ausgangsimpulses eben 
falls 90% seiner Maximalamplitude unterschreitet. 

(Ref. MIL-S-195000 Par. 20.12) 


Die Zeit zwischen dem Punkt, bei dem che Varder flank« 
des Impulses 50% seiner Maximalamplitude uberschrene 
und dem Punkt, bei dem die RuckIlanke des Impulses 
50% seiner Maximalamplitude unterschreitet. 

(Ref. MIL-S-19500D Par. 20.10) 


Auszangsimpuis 
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TEXAS INSTRUMENTS 


Symbol 


VieRicBO 
(truher BVCBO) 
oder 


U(BRICBO 


ViBRICEO 
(fruher BVCEQ) 
oder 


UliaRIcEO 


ViBRICER 
(fruher BVCER) 
oder 


UBRICER 


V(BRICES 
(iruher BVCES) 


oder 


U(BRICES 


ViBRICEV 
Wruber BVCEY) 
oder 


UIBRICEV 


ViBRICEX 
{fruler BVCEX) 
oder 


U(BRICEX 


V(BA)EBO 
(ruher BVEBO) 
oder 


ViBRIEBO 


Vee oder Ugp 


Vcc oder Ucc 
Veg oder UE 


Vac oder Uac 
Vpe oder Upe 
Vcg oder Ucg 
Vce oder UcE 
Veg oder Ueg 
Vec oder UEC 


Begriff 


Kotlektor-Basis-Durchbruch- 
spannung bei offenem Emitter 


Ourchbruchspannung zwischen 
Kollektor und Emitter bei 
of fener Basis 


.. Mit einem Widerstand zwischen 
Basis und Emitter 


** BEI KURZGESCHLOSSEN 


+. mit einer Spannung zwischen 
Basis und Emitter 


«mit definierter Schaitung 
zwischen Basis und Emitter 


Emitter-Basis Durchbruch- 
spannung bei offenem Kollektor 


Versorgungsgleichspannung 
(Basis, Kollektor, Emitter) 


Spannung, Gleich- oder Mittelwert 
(zwischen Basis-Kollektor, Basis- 
Emitter, Kollektor-Basis, Kollektor- 
Emitter, Emitter-Basis, Emitter- 
Koilektor) 


Texas INSTRUMENTS 


Definition 


Die Durchbruchspannung zwischen Kollektor und Basis 
bei Betrieb des Koilektors bezogen auf die Basis in 
Sperrichtung mit offenem Kollektor. 

(Ref. 1EEE 255) 


Die Durchbruchspannung zwischen Kollektor und 
Emitter bei Betrieb des Kollektors bezogen auf den 
Emitter in Sperrichtung’ und Verbindung der Basis 
nach der durch den letzten Indexbuchstaben gekenn- 
zeichneten Art. 


£s bedeuten: 
O = oftene Basis 


R = Rickfihrung zum Emitter durch einen Wider- 
stand 


S 2 Kurzschlu8 zum Emitter 


V = Anschlu& einer vorgegebenen Spannung zwischen 
Basis und Emitter 


X = AiickfGhrung zum Emitter durch eine vorgegebene 
Schaltung zwischen Basis und Emitter 


(Ref. IEEE 255) 


Die Durchbruchspannung zwischen Emitter und Basis 
bei Betrieb des Emitters bezogen auf die Basis in 
Sperrichtung mit olfenem Kollektor. 

(Ref. IEEE 255) 


Die an die im Index vorgegebenen Anschluschaltung 
gelegte Versorgungsgleichspannung. 


Die Spannung zwischen dem durch den ersten Index 
angegebenen Anschlu& und dem durch den zweiten 
Index angegebenen BezugsanschluG. (Aussage ent- 
sprechend Polaritat am Anschtu, der durch den 
ersten Index angezeigt ist.) 


* Fur diese Parameter ist die Sperrichtung definiert bei NPN- 
Transistoren mit positivem und PNP-Transistoren mit 
negativem Kollektor gegenuber dem Emitter. 
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Symbol 


VBE (sat 
oder 


UBE(sat) 


VcBo oder Ucgo 


VCE (sat) 
oder 


UCE(sat) 


VCEO oder UCEO 


VCER oder UCER 


Voces oder UCES 


Vcev oder UCEV 


VCEx oder UCEX 


VCEO(sus) 
oder 


UCEOlcus) 


VCERIsus) 
oder 


UCER(sus) 


VCESi(sus) 
oder 


UCES(sus) 


VCEV(sus) 
oder 


UCEV(sus) 


VCEX {sus} 
oder 


UCEX(sus) 


VeBiti) 
oder 


Veaifn 


Begriff 


Emitter-Basis Sattigungs- 
Gleichspannung 


Kollektor-Basis Gleichspannung 
bei offenem Emitter 


Kollektor-Emitter 
Sattigungsspannung 


Kollektor-Emitter Gleichspannung 
bei offener Basis 


.. Mit einem Widerstand zwichen 
Basis und Emitter 


.. bei kurrgeschlossener Basis- 
Emitterstrecke 


. Mit Spannung zwischen Basis 
und Emitter 


.. mit definierter Schaltung 


zwischen Basis und Emitter 


Kollextor-Emitter Sperrspannung 
be: offener Basis 


. . bei spezifiziertern Widerstand 
twischen Basis und Emitter 


. . bei Kureschlu8 zwischen 
Basis und Emitter 


. . bei spezitizierter Spannung 
rwischen Basis und Emitter 


. . bei spezifizierter Schaltung 
rwischen Basis und Emitter 


Leerlaufgleichspannung 
Emitter-Basis 


Definition 


Die Gleichspannung zwischen Emitter- und Basis-An- 
schlussen bei spezifizierten Basisstrom und Kollektor- 
strom und mit der Kollektorsperrschicht in DurchiaG- 
richtung gepolt. 


Die Gleichspannung zwischen Kollektor und Basis bei 
offenem Emitter. 


Die Gleichspannung zwischen Kollektor und Emitter 
bei spezifizierten Sattigungsbedingungen. 

(Ref. IEEE 255) 

Die Gleichspannung zwischen Kollektor und Emitter. 


Die Basis ist nach der durch den letzten Imdexbuch- 
staben gekennzeichneten Art geschaltet: 


O = offene Basis 


R = Ruckfuhrung zum Emitter durch einen Wider- 
stand 

S = Kurrschlu@ zum Emitter 

V = AnschiuB einer vorgegebenen Spannung zwischen 
Basis und Emitter 

X = Ricktluhrung zum Emitter durch eine vorgegebene 
Schaltung zwischen Basis und Emitter 


Die Kollektor-Emitter Sperrspannung bei relativ hohem 
Kollektorstrom in einem Bereich, wo sich die Sperr- 
spannung unwesentlich mit dem Kollektorstrom andest. 


Die Basis ist nach der durch den letzten Indexbuch- 
staben gekennzeichnaten Art geschaltet: 
O = offene Basis 


R = Rickliihrung zum Emitter durch einen Wider: 
stand 


S = KureschluG zum Emitter 


= Anschluf einer vorgegebenen Spannung zwischen 
Basis und Emitter 


X = Ruckfihrung zum Emitter durch eine vorgegebene 
Schaltung zwischen Basis und Emitter 


Das Leerlaul-Gleichspannungspotential (offene Schal- 
tung) zwischen Emitter und Basis, wobei der Kollektor 
in Sperrichtung in Bezug auf die Basis gepolt wird. 
(Ret. EEE 255) 
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TEXAS INSTRUMENTS 


Symbol 


VeBo oder VEgo 


Zou 
(fraher 0 (1) 


ZOJA(t) 
(froher @ ya(r) 


2IC(1) 
(friher 0 ye(1) 


Begriff 


Emitter-Basis Gleichspannung 
bei offenem Kollektor 


Transiente Warmeimpedanz 
Transiente Warmeimpedanz 
Sperrschicht zu Umgebung 


Transiente Warmeimpedanz 
Sperrschicht zu Gehause 


Definition 


Die Gteichspannung zwischen Emitter und Basis bei 
offenem Kollektor. 


Siehe Transiente Warmeimpedanz 


Die Transiente Warmeimpedanz von Sperrschicht{en) 
zu Umgebung 


Die Transiemte Warmeimpedanz von Sperrschicht(en) 
zu einem gegebenen Punkt am Gehause. 


TEXAS INSTRUMENTS 
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Thyristor-Arten 


Bidirectional Diode Thyristor (DIAC) 
Ein Thyristor mit zwei Anschlussen, dessen Schalteigenschaften im ersten und dritten Quadrant der Strom-Sparr 
nungscharakteristik im wesentlichen gleich sind (siehe Fig. 4). 

Bidirectional Triode Thyristor (TRIAC) 
Ein Thyristor mit drei Anschlussen, dessen Schalteigenschaften im ersten und dritten Quadrant der Strom-Span- 
fungscharakteristik im wesentlichen gleich sind (siehe Fig. 4). 

N-Gate Thyristor 


Ein Thyristor, in welchem der N-Bereich neben dem AnodenanschluRbererch mit dem Gateanschlu verbunden ist 
und welcher durch Anlegung einer negativen Spannung zwischen Gate und Anoden-Anschlussen in leitenden Zu- 
Stand gebracht wird. 

P-Gate Thyristor 


Ein Thyristor in welchem der P-Bereich neben dem KathodenanschluGbereich mit tem Gateanschluf verbunden ist 
und weicher durch Antegung eine: pos:tixen Spannung zwischen Gate und Kathodenanschlussen in Ieitenden Zu- 


stand gebracht wird. 

Reverse-Blocking Diode Thyristor (Ruckwarts Sperrender Dioden Thyristor) 
Ein Thyristor mit zwei Anschlussen, der nur mit positiven Anoden zu Kathodenspannungen cinschaltet und mit 
negativen Anoden zu Kathodenspannungen sperrt. 

Reverse Blocking Triode Thyristor (Rockwarts Sperrender Trioden Thyristor) (SCR) 
Ein Thyristor mit drei Anschlussen, der nur mit positiven Anaden 2u Kathodenspannungen einschaltet und mit 
negativen Anoden zu Kathodenspannungen sperrt. 

Reverse-Conducting Diode Thyristor (Rickwarts Leitender Dioden Thyristor) 


Ein Thyristor mit rvvei Anschlussen, der nur mit positiven Anoden zu Kathodenspannungen schalter und mit nega: 


tiven Anoden zu Kathodenmspannungen von der GroRenordnung der Durchlaspannung verhaltnismaBig grobe 
Strome leitet 


Reverse-Conducting Triode Thyristor (Ruckwarts Leitender Trioden Thyristor) 


Ein Thyristor mit dre: Anschlussen, der nur mit positiven Anoden zu Kathodenspannungen schaltet und mit nega: 
tiven Anoden zu Kathodenspannungen von der GroRenordnung der OurchlaBspannung verhaltnismaig groBe 
Strome leitet 


Semiconductor Controlled Rectifier (SCA) 


Alternativer Ausdruck fur Reverse-Blocking Triode Thyristor. Achtung: Der Begriff Unidirectional (Einweg) tindet 
Anwendung in der Beschreibung der einfach schaltenden Reverse-Blocking und Reverse-Conducting Thyristoren 
obwohl der Begrilf keine offizielle Definition bildet Der Ausdruck ist brauchbar bei dem Vergleich dieser Art von 
Thyristoren mit Bidirectional Thyristoren. 


Thyristor 


Eine bistabile, steuerbare Halbleiteranordnung mit drei oder mehr Spereschichten, die von Sperrzustand zu leiten: 
dem Zustand geschaliet werden kann. Diese Schaltfahigkeit muR in mindestens einer der vier Quadranten in der 
Spannungs-Strom-Charakteristik vorkommen. 
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Turn-Off Thyristor (Abschalt Thyristor) 


Ein Thyristor der von dem leitenden in den sperrenden Zustand, oder umgekehrt, durch Anlegung von Steversigna- 
len geeigneter Polaritat an dem Gate-Anschlu& geschaltet werden kann. Das Verhaltnis von Steuerleistung zur ge- 
steuerten Leistung muG wesentlich kleiner als Eins sein. 


Erstes Quadrant 
Halblenter Bereiche 


PAiramaie ; Anode + 
(Schichten) Ourcnbh:pancune 
Rathode ee . OurchlaB-Bereich 
(Elektroae) 
Haltestrom negativet 
a Widerstands-Bercich 
Kathoden- Ruck ssrts Soerrbereich =: 
snschius v 
‘M1 
Ourcntruch Vorworts 
Bue trode) sperrspannurg — | Sperrbereich 
8 
= Flu@spere- 
Gateansch'yB Orettes Quadrant spannungs 
Anode — Reststrom 


Seherm wuscha Darstellung cines Reverse-Blocking Triode Thyristors 


‘Steom:Verlauf (Anoden zu Kathoden 
£rntury Dia Gateclektrode wird bei manchen Anordnungen mit dem ik) von einem Reverse-Blocking Thyristor 


N-Bassbereich verbunden oder sogar weggelassen bei dem 


Droden Thyrstor Diodon-T hyristor. 
Kennlime gilt fur einen vorhandenen Gatestrom bei einer 
Fig. 1 Anoden-Kathoden-Spannung von V1, 
Fig. 2 
' 
Erstes Quadr, 
Main Terminal 1 tant 


Haupranschluf 2+ 
(HauptonschiuG 1b 


Gate AnschluB Orittes Quadrant 


Schematische Darstellung eines typischen Bidirectional Typischer Haupt-Spannungs-Stromverlaul von einem Bidirectional 
Triode Thyristors Thyristor 


Achtung: Ein GoteanschluG Ist alcht vorhanden bei Dioden Achtung: Die Kennlinie “a” antepricht einem Gatestrom von Null oder 
Bidirectional Thyristors einem Dioden Bidirectional Thyristor. 

Kennlinie “b” gilt far einen vorhandenen Gatestrom bel 

angelegter Houptepannung von + V4. 


Fig. 3 
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Verzeichnis von Begriffen des physikalischen Aufbaus 
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Anode 
Die Elektrode aus der innerhalb des Thyristars mit offenem Gate der Strom flieBt, wenn der Thyristor im DurchlaB- 
Bereich ist. 
Achtung: Dieser Begriff gilt nicht fur Bidirectional Thyristoren. 
Anoden-Anschiu& 
Der AnschiuB, der mit der Anode verpunden ist. 
Achtung: Dieser Begriff gilt nicht fer Bidirectional Thyristoren. 
Kathode 


Die Elektrode, zu der innerhalb des Thyristors mit offenem Gate der Strom flieBt, wenn der Thyristor im Durchlat- 
Bereich ist. 
Achtung: Dieser Begriff gilt nicht fir Bidirectional Thyristoren. 
Kathoden-Anschlu& 
Der Anschlu8, der mit der Kathode verbunden ist. 
Achtung: Dieser Begriff gitt nicht fcr Bidirectional Thyristoren. 


Kollektor-Sperrschicht 
Die Sperrschicht, die umgepolt v-ird, wenn ein Schaltvorgang stattfindet. (siehe Fig. 1) 


Elektrode (von einer Halble:teranordnung) 

Ein elektrischer und mechanischer Kontakt zu einem Gebiet in einer Halbleiter-Anordnung. 
Gate 

Eine Elektrode, die mit einem der Halbleiter-Bereiche verbunden ist, um einen Steuerstrom einzufihren. 
Gate-Anschlu8 

Der AnsehluB, der mit dem Gate verbunden ist. 


Halbleiter-Sperrschicht (kurz Sperrschicht) 
Die Zone eines Uberganges zwischen Halbleitergebieten mit unterschiedtichen etektrischen Eigenschalten (2.8. n-n*, 
p-p*. p-n Halbleiter) oder zwischen einem Metail und einem Halbleiter. 

Hauptanschldsse 
Die Anschlisse, die den Hauptstrom leiten. 


Hauptanschiu& 1 {von einem Bidirectional Thyristor) 
Oer HauptanschiuB, der vorn Hersteller als ‘’1°' bezeichnet ist. Dieser Anschlug ist normalerweise der Bezugspunkt 
for alle Spannungen. 

Hauptanschlu& 2 (von einem Bidirectional Thyristor) 
Oer HauptanschiuQ, der vom Hersteller als ” 


2” bezeichnet ist. 


Halbleiter-Anschlu8 (kurz Anschlu8) 
AuBen liegender Verbindungspunkt zu einer oder mehreren Elektroden. 
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Verzeichnis von Begriffen der etektrischen Eigenschaften und Daten 
(siehe Vermerk anschlieBend diesem Abschnitt) 


Anoden-Kathoden Spannung {Anoden-Spannung) 
Die Spannung zwischen AnodenanschluG und Kathodenanschiu&. 
Achtung: Die Spannung ist mit positive bezeichnet, wenn der Anodenanschlu& positiv gegeniber dem Kathoden- 
anschluG ist, und ist mit negative bezeichnet, wenn der Anodenanschlu& negativ gegeniber dem Kathodenanschiu& 
ist, 


Anoden-Kathoden Spannungs-Suomcharakteristik (Anoden-Charakteristik} 


Eine Funktion, in der Regel graphisch dargestellt, welche die Anoden-Kathoden-Spannung und den Hauptstrom 
verbindet mit Gatestrom, wenn zutreffend, als Parameter. 
Achtung: Dieser Begriff gilt nicht for Bidirectional Thyristoren. 


Ubergangspunkt (Breakover Point) 
Jeder Punkt an der Hauptspannungs-Stromcharakter istik, an dem der Differentiatwiderstand gleich Null ist und die 
Hauptspannung ein Maximum erreicht hat. (siehe Fig. 2 und 4). 


Negativer Differentialwiderstands-Bereich 
Jedet Bereich an der Hauptspannungs-Stromcharakteristik innerhalb der Schaltungsquadrante, in dem der Differen- 
tialwiderstand negativ ist. (siehe Fig. 2 und 4). 


Sperrimpedanz 


Die Oifferentialimpedanz zwischen den Hauptstromanschlussen, bei Betrieb des Thyristors an einem bestimmten 
Arbeitspunkt im Sperrbereich. 


Sperrzustand 
Der Zustand im Thyristor, entsprechend einem hohen Widerstand und geringem Strom, der in der Hauptspannungs- 
Steomcharakteristik zwischen Nullpunkt und Ubergangspunkt erscheint. 


Durchla@impedanz 
Die Differentialimpedanz zwischen den Hauptstrom-Anschlussen, wenn der Thyristor an einem bestimmten Arbeits- 
punkt im OurchlaGbercich betrieben wird. 


Durchla 
Der Zustand im Thyristor, entsprechend einem geringen Widerstand und groBem Strom, der in det Hauptspannungs- 
Stromcharakteristik innerhalb der Schaitquadranten erscheint. 


Hauptspannung 

Die Spannung zwischen den Hauptanschlissen. 

Achtung: 1. Fur Reverse-Blocking und Reverse-Conducting Thyristors ist die Hauptspannung mit positive bezeich- 
net, wenn der Anodenanschlu positive gegeniber dem Kathodenanschlu ist, und ist mit negative 
bezeichnet, wenn der AnodenanschluG negative gegeniber dem KathodenanschluG ist. 

2. Fur Bidirectional Thyristoren ist die Hauptspannung mit positive bezeichnet, wenn der Hauptan- 
schluB 2 positiv gegeniber HauptanschluB ist. 


Hauptspannungs-Stromcharakteristik (Haupt-Charakterlstik) 
Eine Funktion, in der Regel graphisch dargestellt, welche die Hauptspannung und den Heuptstrom verbindet, mit 
Gatestrom, wenn zutreffend als Parameter. 
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Ruckwarts-Sperrimpedanz (von einem Reverse-Blocking Thyristor) 
Die Differentialimpedanz avischen den Hauptanschlussen, wenn der Thyristor an cinem bestimmten Arbeitspunkt 
in Sperrichtung betrieben wird. 


Rickwarts-Sperrzustand {von einem Reverse-Blocking Thyristor] 
Der Zustand in einem Reverse-Blocking Thyristor entsprechend einem Bereich in der Anoden-Kathoden-Spannungs- 
Stromcharakteristik, fue welchen des Sperrstrom kleiner als der Durchbruchsstrom ist (siehe Fig. 2). 


Definition der Quadranten 


-Vs 
Quadrant 11 Quadrant | 
Vs-- Vs=+ 
VGr°- Veo:t 


'VG 


Quadrant II Quadrant IV 
Vs=- Vs=- 
VGF- VGrt 

-Vs 


Die Polaritat von Vg und Vg ist auf MTI-HauptanschiuB bezogen 


Fig. S 
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Symbole, Begriffe und Definitionen 
Symbol Begriff Definition 


iT :te)]) Statischer Ubergangsstrom Der Hauptstrom am Obergangspunkt 
(Static Breakover Current) 


iB) Momentaner Ubergangsstrom 
(Instantaneous Breakover-Current) 


\(BRIR Statischer Ruckwarts-Durchbruchsstrom Der Hauptstrom bei der Rickwarts-Durchbruchs- 
(Static Reverse Breakdown Current) spannung 
(BRIR Momentaner Rickwarts-Durchbruchsstrom 


(Instantaneous Reverse Breakdown Current) 


IDIRMS) Eftektivwert des Sperrstromes Der Hauptstrom im Sperrzustand 

Ip Statischer Sperrstrom 

Ip(av) Mittelwert des Sperrstcomes 

io Momentaner Sperrstrom 

IDM Spitzenwert des Sperrstromes 

IDRM Periodischer Spitzen-Sperrstrom Der maximale Wert des Sperrstromes, der durch 


eine periodische Spitzen-Spertspannung entsteht. 


Ig Statischer Gatestrom Der Strom, der durch die Gatespannung entsteht. 
IGIAV) Mittelwert des Gatostromes Achtung: 1. Ein positiver Gatestrom entspricht 
1G Momentaner Gatestrom dem konventionellen StromfluG 
IGM Spitzenwert des Gatestrames PMibeidani tas ; 

2. Ein negativer Gatestrom entspricht 
dem konventionellen Stromflu8 
aus dem Gateanschlug. 

tco Statischer Nichttrigger Gatestrom Der maximale Gatestrom, der den Thyristor vom 
‘GD Momentaner Nichttrigger Gatestrom rel in den DurchlaRzustand nicht umschalten 
'GOM Spitzen Nichttigger Gatestrom 

lca Statischer Gate-Abschaltstrom Der minimale Gatestrom, der den Thyristor vom 
ica Momentaner Gate-Abschaltstrom DurchlaB- in den Sperrzustand umschalten kann. 
'GamM Spitzen Gate-Abschaltstrom 

IGT Statischer Gate-Triggerstrom Der minimale Gatestrom, der den Thyristor vom 
igt Momentaner Gate-Trigger strom Sperr- in den Durchla@zustand umschalten kann. 
\GTM Spitzen Gate-Triggerstrom 

tH Statischer Haltestrom Der minimale Hauptstrom, der den Thyristor im 
in ‘ Momentaner Haltestrom OurchiaBzustand halten kann. 
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Symbol Begriff 


Definition 


IL Statischer Einraststrom Der minimale Hauptstrom, der den Thyristor im 

i Momentaner Einraststrom DurchlaGzustand halten kann, unmittelbar nach 
dem der Schattvorgang vom Sperr- zu Durchla8- 
rustand und das Zundsignal zu Ende ist. 

'R(RMS) Effektivwert des Rackwartsstroms Der Strom bei negativer Anoden - Kathoden 

In Statischer Rickwartsstrom Spannung 

IRiAV) Mittelwert des Ruckwartsstroms 

in Momentaner Ruckwartsstrom 

JAM Spitzen Rickwartsstrom 

lRAM Periodischer Spitzen-Ruckwartsstrom Oer maximal (Spitzenwert) zuldssige periodische 
Sperrstromwert 

ITU RMS) Effektivwert des Durchla8stromes Der Hauptstrom im Durchla@bereich 

Ir Statischer DurchlaCstrom 

ITrAV) Mittehvert des DurchlaGstromes 

iT Momentaner Durchla3strom 

ITM Spitzen DurchlaBstrom 

'TiOov) Uberlast Ein DurchlaBstrom mit Erscheinenstorm im we- 


Spitzendurchla8strom sentiichen ahnlich zu dem normalen Ourchla8- 
strom aber mit einem gréGeron Wert 


ITRM Periodischer Spitzendurchla@strom Spitzernwort des Ourchlalstromes mit allen pero: 
dischen Stromspitzen 
TTSM StoBstromgrenrwert Der maximal (Spitzerwert) zulassige Stolstrom 


(nicht wiederholte) mit vorgegebener Erscheinensform uber eine kurze 
delinierte Zeit 


Pg Statische Gate Verlustieistung 

PGIAV) Mirtelwert der Gate Verlustleistung 

Pg Momentane Gate Verlustieistung 

PGM Spitzen Gate Verlustieistung 

TA Umgebungstemperatur oder Die Lufttemperatur, gemessen unterhalb einer An- 
oder Raumtemperatur ordnung in einer Umgebung von gleichmaGiger 


Tu Temperatur und nur durch Konvektion der Luft 
gekuhit; reflektierende und strahlende Oberflachen 
in der Nahe sind unzulassig 


Tce Gehduseterperatur Die Temperatur, die an einem definierten Punkt 
oder des Gehauses der Anordnung zu messen ist 
Ts 
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Symbol Begriff Definition 
Ty Virtuelle Sperrschicht-Termperatur Temperaturangabe fur die Sperrschicht als Ergeb- 
(Sperrschicht Temperatur) nis einer Berechnung, die unter Annahme eines 


vereinfachten Modells des thermischen und elek- 
trischen Verhattens der Halbleiteranordnung 


durchgefihrt wird 

Tag Lager ungstemperatur Die Temperatur, bei der der ‘“Halbleiter” ohne 
von auBen zugefihrte Leistung gelagert werden 
dart 

tot Gategesteuerte Einschaltzeit Das Zeitinterval! zwischen einem spezifizierten 


Punkt am Anfang des Gateimpulses und einem 

speziizierten Punkt am Anfang des Hauptspan- 
nungs (stroms) Umschaltvorgangs von Sperr- zu 
DurchlaBzustand der vom Gateimpuls augelast 
wird 


‘ga Gategesteuerte Ausschaltzeit Das Zeitintervall zwischen einem spezifizierten 
Punkt am Antang des Gateimpulses und einem 
spezifizierten Punkt am Hauptstromumschaltvor- 
gang von DurchtaG- zu Sperrzustand, der von 
Gateimpuls ausgelost wird 


'g Schaltungsgosteuerte Ausschaltzeit Das Zeitintervall zwischen dem Augenblick des 
Hauptstromnulldurchganges nach der Umschal- 
tung der Hauptspannung und dem Augenblick in 
dem der Thyristor eine spezifizierte Hauptspan- 
nung blockieren kann 


Re Warmewiderstand Temperaturdifferenz zwischen zwei Punkten oder 
Roya Warmewiderstand, Sperrschicht zu Zonen, dividiert durch die abgegebene Leistung 
Umgebung bei thermischem Gleichgewicht 
Rosc Warmewiderstand , Sperrschicht zu 
Gehause 
Roca Warmewidorstand, Gehause zu 
Umgebung 
V(BO)} Oder Ugg) Statische Ubergangsspannung Die Hauptspannung am Obergangspunkt 


V(BO) Oder U(go) Momentane Obergangsspannung 


V(BR)A Oder Statische Rickwéarts-Sperrdurchbruchsspannung Der negative Anoden-Kathoden Spannungswert an 


UBA)A (static reverse breakdown voltage) dem der Differential-Anoden-Kathodenwiderstand 
VigriR oder Momentane Riickwarts-Sperrdurchbruchs- yon'sinem groBen auf einen kleinen Wert sich 
UBRIA spannung andert 


(instantaneous reverse breakdown voltage) 
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Symbol! Begriff Definition 


VD{RMS} oder Effektivwert der Sperrspannung Hauptspannung im Sperrbereich 
UpiRMs) 

Vp oder Up Statische Sperrspannung 

Vp{av) oder Mittelwert der Sperrspannung 

Upiav) 

Vp oder Up Momentane Sperrspannung 


Vow oder Upm Spitzen Sperrspannung 


VorRM oder Periodische Spitzen-Spertspannung Der maximale Momentanwert der Sperrspannung 

Upam Uber einem Thyristor unter Einschlu@ von periodi- 
schen Spannungsspitzen jedoch ohne nichtper iodi- 
sche Sto€spannungen 


Vpsm oder StoGspitren-Soerrspannung Der maximale Momentanwert der Sperrspannung 

Upsm uber einem Thyristor unter EinschluG nicht pera- 
discher StoBspannungen, jedoch ohne periodische 
Spannungsspitzen 


VG oder Ug Statische Gatespannung Die Spannung zwischen Gateanschlu8 und einem 
VGtAv) oder Muttelwert der Gatespannung pacing HauptanschluB 
UGIAV) purity 


Die Polaritat der Gatespannung ist auf den spezi- 
VG oder UG Momentanwert der Gatespannung lizierten Hauptanschtu8 bozogen 


VGM oder UGM —s Spitzemnvert der Gatespannung 


VGD oder UGp Statische Nichttriggerspannung Die maximale Gatespannung die den Thyristor 


Vgp oder Ugo Momentane Nichttriggerspannung vom Sperr- inden DurchlaQzustand nicht umschal- 
ten kann 

VGDM oder Spitzen-Nichttriggerspannung 

UGoM : 

VGQ oder UGa Statische Gateabschaltspannung Die Gatespannung, die den Thyristor vom Durch- 

VGo oder UGa Momentane Gateabschaltspannung laB- in den Sperrzustand umschalten kann 

VGom oder Maximale Gateabschaltspannung 

UGam 

VGT oder UGT Statische Gatetriggerspannang Die Gatespannung, die erforderlich ist, um den 

VGT oder UGT Momentane Gatetrigger spannung Gatestrom zu erzeugen 

VGTM oder Maximale Gatetriggerspannung 

UGT™m 

VA(RMS) oder Elfektivwert der Ruckwartsspannung Eine negative Anoden-Kathoden-Spannung 

UR(AMS) 

VA Oder UR Statische Ruckwartsspannung 

VR(AV) oder Mittelwert der Ruckwartsspannung 

UR(AV) 

Vp oder UR Momentane Ruckwartsspannung 


ES ISS 
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Symbol Begriff 

Vre oder Maximale Rickwartsspannung 

URM 

VRAM oder Periodische Spitzenrickwartsspannung Der maximale Momentanwert der Ruckwarts- 

URAM spannung ober einem Thyristor unter EinschluS 
von periodischen Spannungsspitzen jedoch ohne 
nichtperiodische StoGspannungen 

Vasm oder SroGspitzen-Reckwartsspannung Der maximale Momentanwert der Ruckwarts- 

URSM spannung uber einem Thyristor unter EinschluG 
von nichtperiodischen StoBspannungen, jedoch 
ohne periodische Spannungsspitzen 

VAwe oder Betriebsspitzen-Ruckwartsspannung Der maximale Momentanwert der Ruckwarts- 

UrnwM spannung iber einem Thyristor unter Ausschlu& 
aller Spannungsspitzen 

VTIRMS) oder Effektivwert der Durchla8spannung Die Hauptspannung im DurchlaBbereich 

UT(AMS) 

VT oder UT Statische Durchla@spannung 

VT[ay) oder Mittelwert der Ourchla@spannung 

Uttav) 

VT over UT Momentanwert der Durchlie&spannung 


VTm oder UTM Spitzen-Durchia8spannung 


VT(MIN} Oder Minimale Statische Durchta@spannung Die minimale positive Hauptspannung mit einem 

UT(MIN) Oifterentialwider stand von Null bei offenem Gate- 
anschlu8 

2H 11) Transiente Impedanz Anderurg der Ternperaturdifferenz zwischen zwei 

Zo salt) Transiente Impedanz, vorgegebenen Punkten oder Zonen am Ende eines 


Zeitintervalles, dividiert durch die auslOsende sprung: 

: hatte Anderung der abgegebenen Leistung, die zu 

Z9sCI1) Transiente Impedanz, Beginn des Zeitintervalles rur Temperaturdifferenz 
Sperrschicht zu Gehause fuhrte 


Sperrschicht zu Umgebung 
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Alpha-Numeric Index 
to 
Data Sheets 


Type 


BO 135 
BO 136 
BD 137 
BD 138 
BD 139 
BD 140 
8D 239 
BD 239A 
8D 2398 
BD 239C 
8D 240 
8D 240A 
8D 2408 
BD 240C 
BD 241 
BD 241A 
BO 2418 
BD 241C 
BD 242 
80 242A 
BO 242B 
BD 242C 
BD 243 
80 243A 
8D 2438 
BD 243C 
8D 244 
BD 244A 
8D 2448 
BD 244C 
BD 245 
BD 245A 
BD 245B 
BO 245C 
80 246 
8D 2464 
BD 2468 
BD 246C 
BD 249 
BD 2494 
BD 2498 
BD 249C 
BD 250 
BD 250A 
BD 2508 
BO 250C 
8D 253 
8D 2534 
60 2538 
BO 253C 
BD 410 
8D 633 
BD 634 
BO 635 
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2-11/3-14 
2-13 / 3-14 
2-15 /3-14 
2:17/3-14 
2-19 / 3-14 
2-21 /3-14 
2-23 /3-4 
2-23 /3-4 
2-23 /3-4 
2-23/3-4 
2-27 13-14 
2:27 / 3-14 
2-27 / 3-14 
2:27: /3-14 
2:31/3-4 
2-31 /3-4 
2:31/3-4 
2-31/3-4 
2-35 / 3-14 
2:35 /3-14 
2-35 /3-14 
2-35 73-14 
2:39 /3-4 
2:39 / 3-4 
2:39 / 3-4 
2-39 /3-4 
2:43: /3-14 
2-43,/.3-14 
2-43 / 3-14 
2-43: /3-14 
2:47 /3-4 
2-47/34 
2-47/3-4 
2:47 /3-4 
2-51/3-14 
2-51/3-14 
2-51/ 3-14 
2:51/3-14 
2-55 /3-4 
2-55 /3-4 
2:55 /3-4 
2:55 /3-4 
2:59 /3-14 
2-59 / 3-14 
2-59 / 3-14 
2-59 / 3-14 
2-63 /3-8 
2-63 / 3-8 
2-63/3-8 
2-63/3-8 
2-67/3-8 
2-71/3-6 
2-73/3-6 
2:71/3-6 
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s 
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2-73 13-6 
2-71/3-6 
2-73 134 
2-75 13-6 
2-77 13-6 
2-75 13-6 
2-77 13-6 
2-75 13-6 
2-77 13-6 


3-14 
$14 
2-79 /3-10 
2-81 / 3-10 


3-12 
3-12 


3-12 
2-A3 / 3-12 


2-85 / 3-12 
2-B9 / 3-12 
2-91 /3-12 
293/312 
2-95 /3-12 
297/312 
2-99 / 3-12 
3-12 

2-101 / 3-12 
3-12 
2-103 / 3-12 
2-105 / 3-12 
2-107 / 3-12 
2-109 / 3-12 


3:12 
3-12 
3-12 


3:12 
3-12 
312 
3-12 
3-12 
3-12 
3:12 
3-12 
312 
3:12 
3-12 
3-12 
3-12 


Type 


BLY 62 
BLY 63 
BLY 74 
BLY 76 
BLY 78 
BLY 79 
BLY 83A 
BLY 84 
BLY 85 
BLY 874 
BLY 88A 
BLY 88T 
BLY 89A 
BLY 991A 
BLY 92A 
BLY 93A 
BLY 97A 


BU 105 
BU 108 
BU 126 


BUY 69 

BUY 69A 
BUY 698 
BUY 69C 
BUY 70A 
BUY 708 
BUY 70C 
BUY 71 


Ti 145 AO 
TI14S Al 
TI 145 A2 
T1145 A3 
T1145 A4 


TIC 39A 
TIC 398 
TIC 39C 
TIC 390 
TIC 39F 
TIC 39J 
TIC 44 
TIC 45 
TIC 46 
TIC 47 
TIC 60 
TIC 61 
TIC 62 
TIC 63 
TIC 64 
TIC 106 
TIC 106A 


3-12 
3-12 
3-12 
3-12 
3-12 
3-12 
3-12 
3-12 
3-12 
3-12 
3-12 
2-111 
3-12 
3-12 
3-12 
3-12 
3-12 


2-113 /3-8 
2-117 /3-8 
2-121/3-8 


3-8 

2-129 / 3-10 
2-129 / 3-10 
2-129 / 3-10 
2-135 / 3-10 


2-141/3-18 
2-141 / 3-18 
2-141 / 3-16 
2-141 / 3-18 
2-141 /3-18 


3-18 
3-18 
3-18 
3-18 
3-18 
3-18 
2-143 / 3-18 
2-143 / 3-18 
2-143 / 3-18 
2-143 / 3-18 
2-347 / 3-18 
2-347 / 3-18 
2-347 / 3-18 
2-347 / 3-18 
2-347 / 3-18 
2-149 
3-18 


mr 
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Type 


TIC 106B 
TIC 106C 
Tic 106D 
TIC 106F 
TIC 106Y 
TIC 116 
TIC 126 
TIC 2268 
TIC 226D 
“TIC 236 
“TIC 246 
“TIC 253 
* TIC 263 


TIP 29 

TIP 29A 
TIP 298 
TIP 29C 
TIP 30 

TIP 30A 
TIP 30B 
TIP 30C 
TIP 31 

TIP BIA 
TIP 318 
TIP 31C 
TIP 32 

TIP 32A 
TIP 32B 
TIP 32C 
TIP 33 

TIP 334 
TIP 338 
TIP 33C 
TIP 34 

TIP 344 
TIP 348 
TIP 34C 
TIP 35 

TIP 35A 
TIP 35B 
TIP 35C 
TIP 36 

TIP 364 
TIP 368 
TIP 36C 
TIP 41 

TIP 414 
TIP 41B 
TIP 43¢ 
TIP 42 

TIP 424 
TIP 428 
TIP 42c 
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3-18 
3:18 
3-18 
3-18 
3-18 
2-155 / 3-18 
2-165 /3-18 
2-161 / 3-20 
2-161 / 3-20 
2-165 / 3-18 
2-165 / 3-18 
2-167 /3-18 
2-167 / 3-18 


2-169 /34 
2-169 / 3-4 
2-169 / 3-4 
2-169 / 3-4 
2:173/3-4 
2:173/34 
2:173/3-4 
2:173/ 3-4 
2:177/3-4 
2-177 / 3-4 
2-177 13-4 
2:177/3-4 
2-181/3-4 
2-181 /3-4 
2:181/34 
2-181 / 3-4 
2-185 /3-4 
2-185 /34 
2-185 / 34 
2:185 /3-4 
2-189 / 34 
2-189 / 3-4 
2-189 / 3-4 
2-189 / 3-4 
2:193 / 3-4 
2-193 /3-4 
2-193 / 346 
2-193 / 36 
2-197 /34 
2-197 13-4 
2-197 / 36 
2-197 / 34 
2-201 / 3-6 
2-201 /3-6 
2-201 / 3-6 
2-201 /3-6 
2:205/346 
2-205 / 3-6 
2-205 / 3-6 
2-208 / 3-6 


Type 


TIP 110 
TIP 141 
TIP. 112 
TIP 115 
TIP 116 
TIP 117 
TIP 120 
TIP 121 
TIP 122 
TIP 125 
TIP 126 
TIP 127 
TIP 140 
TIP 141 
TIP 142 
TIP 145 
TIP 146 
TIP 147 
TIP 501 
TIP 502 
TIP S03 
TIP 504 
TIP 505 
TIP S06 
TIP 507 
TIP S08 
TIP S09 
TIP 510 
TIP 571 
TIP 512 
TIP $13 
TIP 514 
TIP 515 
T1P 516 
TIP 517 
TIP 518 
TIP $19 
TIP 520 
TIP 521 
TIP 522 
TIP $23 
TIP 524 
TIP 525 
TIP 526 
TIP 527 
TIP 528 
TIP 529 
TIP 530 
TIP 531 
TIP 532 
TIP 533 
TIP 534 
TIP 535 
TIP 636 
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2-209 /3-6 
2-209 / 3-6 
2-209 / 3-6 
2-213 / 3-6 
2-213/3-6 
2-213 /3-6 
2-217/3-6 
2-217 43-6 
2:217/3-6 
2-221/3-6 
2-221/3-6 
2-221 /346 
2-225 /3-6 
2-225 / 3-6 
2-228 /3-6 
2:229/3-6 
2-229 /3-6 
2-229 / 3-6 
2:233 
2-233 

2:237 

2-237 

2-237 

2-237 

2-239 

2-239 

2-241 

2-241 

2-241 

2-241 

2-243 

2-243 

2-245 

2-245 

2-245 

2-245 

2-247 

2-247 

2-249 

2-249 

2-251 

2-251 

2 253 / 3-10 
2-253 

2-255 / 3-16 
2-255 

2-257 

2-287 

2-259 / 3-10 
2-259 / 3-10 
2-259 / 3-10 
2-259 / 3-10 
2-261 /3-10 
2-261 /3-10 


Type 


TIP 537 
TIP 538 
TIP 539 
TIP 540 
TIP 544 
TIP §45 
TP 546 
TIP 640 
TIP 641 
TIP 642 
TIP 645 
TIP 646 
TIP 647 
TIP 660 
TIP 661 
TIP 662 
TIP 2955 
TIP 3055 
TIP 5530 


1SX 170 
1SX 175 


2N 1595 
2N 1596 
2N 1697 
2N 1598 
2N 1599 
2N 3001 
2N 3002 
2N 3003 
2N 3004 
2N 3005 
2N 3006 
2N 3007 
2N 3008 
2N 3055 
2N 3137T 
2N 3309 
2N 33758 
2N 3418 
2N 3419 
2N 3420 
2N 3421 
2N 3439 
2N 3440 
2N 3553 
2N 3583 
2N 3584 
2N 3585 
2N 3632 
2N 3733 
2N 3771 
2N 3772 
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2-261 / 3-10 
2-263 / 3:10 
2-263 / 3:10 
2-263 / 3-10 
2-265 / 3-16 
2-265 / 3-16 
2-265 / 3-16 
2-267 / 3-16 
2-267 / 3-16 
2-267 

2-271 /3-16 
2-271 /3-16 
2-271 /3-16 


2-275 
2-279 / 3-6 
3-6 


2-283 
2:283 


2-285 / 3-18 
2-285 / 3-18 
2-285 / 3.18 
2-285 /3-18 
2-285 /3:18 
3:18 

3-18 

3:18 

3-18 

3-18 

3:18 

3:18 

3-18 

2-289 /3:6 
3-13 

3-13 

2-291 /3:13 
2-298 
2-295 
2-295 
2-295 
2-301 / 3-10 
2-301 /3-10 
2-305 / 3-13 
2-309 / 3.10 
2-309 / 3-10 
2-309 / 3-10 
2:313/ 3-13 
3-13 

2-317 
2-317 


a al 


1-88 


TEXAS INSTRUMENTS 


Type 


2N 3773 
2N 3789 
2N 3790 
2N 3791 
2N 3792 
2N 3646 
2N 3847 
*2N 3866 
2N 3902 
*2N 3924 
*2N 3926 
+ 2N 3927 
*2N 4040 
*2N 4041 
*2N 4127 
*2N 4128 
2N 4240 
* 2N 4427 
+ QN 4428 
"2N 4429 
*2N 4430 
*2N 4431 
* 2N 4440 
2N 4901 
2N 4902 
2N 4903 
2N 4904 
2N 4905 
21 4906 
2N 4915 
*2N 4933 
2N 4998 
2N 4999 
2N 5000 
2N $001 
2N 5002 


* Prokminory 


Page 


2-317 
3-16 
3-16 
3-16 
3-16 
2-321 
2-321 
2-327 / 3-13 
3-10 
3-13 
3-13 
3-13 
3:13 
3:13 
3:13 
3-13 
2-309 / 3-10 
313 


2:331/3-6 
2-335 / 3-16 
2:331/3-6 
2-335 / 3-16 
2-339 / 3-6 


Type 


2N 5003 
2N 5004 
2N 5005 
2N 5016 
2N 5026 
2N 5038 
2N 5039 
2N S060 
2N S061 
2N S062 
2N S063 
2N 5064 
2N 5070 
2N 5071 
2N 5090 
2N 5102 
2N 5109 
2N 5147 
2N 5148 
2N 5149 
2N 5150 
2N 5151 
2N 5152 
2N 5183 
2N 5154 
2N 5157 
2N 5179 
2N 5241 
2N 5301 
2N 5302 
2N 6303 
2N 5333 
2N 5683 
2N 5684 
2N 5685 
2N 5686 
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2-343 (3-16 
2-338 / 3-6 


2-347 / 3-18 
2-347 / 3-18 
2-347 / 3-18 
2-347 / 3-18 
2-347 / 3-18 
2-351 /3-13 
3-13 

3-13 

3-13 

2-395 / 3-13 
2-335 / 3-16 
2-331/36 
2-335 / 3-16 
2-331 /3-6 
2-343 / 3-16 
2-339 / 3-6 
2-343 / 3-16 
2-339 / 3-6 
2-359 / 3-10 
3:13 

2-363 / 3-10 
2-367 / 3-6 
2-367 / 3-6 
2-367 / 3-6 
2-373 / 3-16 
2-379 / 3-16 
2-379 / 3-16 
2-381 /38 
2-381/3-8 


Type 


+ 2N 5687 
* 2N 5688 
* 2N S689 
* 2N 5690 
* 2N 5691 
* 2N 5697 
+ 2N S698 
° 2N S699 
+ 2N 5702 
*2N 5703 
+ 2N 5704 
+ 2N 5705 
* 2N 5707 
+ 2N 5708 
* 2N 5709 
*2N 5710 
°2N 5711 
*2N 5712 
*2N 5713 
*2N 5758 
+ 2N 5759 
* 2N 5760 
*2N 5773 
*2N 5774 
* 2N 5848 
° 2N 5941 
* 2N 5941T 
* 2N 5942 
* 2N 5943 
2N 6326 
2N 6327 
2N 6328 
2N 6329 
2N 6330 
2N 6331 


Page 


3-13 

3-13 

3-13 

3-13 

3-13 

3-13 

3-13 

3-13 

3-13 

3-13 

3-13 

3-13 
2-383 / 3-13 
2-387 / 3-13 
2-391 / 3-13 
3-13 

3-13 

3-13 

3-14 
2-395 / 3-8 
2-395 / 3-8 
2-395 / 3-8 
3-14 

3-14 

3-14 

3-15 

2-397 

2-401 / 3-15 
3:15 
2-405 / 3-8 
2-405 /3-8 
2-405 / 3-8 
2-409 / 3-16 
2-409 / 3-16 
2-409 / 3-16 


TEXAS INSTRUMENTS 


1-89 


Cross-Reference 
Guide 


Nearest TI 


2N 3055 
8D 241 
BO 242 
8D 135 
80 633 
BO 136 
BD 634 
8D 137 
BD 635 
BD 138 
BD 636 
BD 139 
BO 637 
BO 140 
BD 638 
BD 633 
8D 239 
8D 634 
BD 240 
BD 239A 
BO 635 
80 636 
8D 240A 
8D 637 
8D 2398 
BD 638 
BD 2408 
80 241 
8D 242 
BO 241A 
BD 242A 
BO 2418 
BO 2428 
BD 241 
BD 242 
BD 241 
8D 242 
BO 241A 
BOD 242A 
BO 243 
BD 244 
BO 243 
8D 244 
BD 243A 
BD 244A 
BD 245 
BD 246 
BD 246A 
BD 245 
BD 246 
BD 245A 
BO 246A 
BO 135 
BD 136 
BO 137 
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2-289 / 3-6 
2:31/34 
2-35 /3-14 
2-11 /3-14 
2-71/34 
2-13 / 3-14 
2-73 /3-6 
2-15 /3-14 
2:71/36 
2:17 /3-14 
2-73/346 
2-19 73-14 
2-71/3-6 
2:21 /3-14 
2-73 /3-6 
2:71/3-6 
2-23/3-4 
2:73/3-6 
2-27 /3-14 
2-23/34 
2-71 /3-6 
2-73 /3-6 
2:27: /3-14 
2-71/3-6 
2-23/3-4 
2-:73/3-6 
2-27 / 3-14 
2:31/3-4 
2:35 /3-14 
2-31/ 3-4 
2-35 /3-14 
2-31 /3-4 
2-35 / 3-14 
2-31 /3-4 
2-35 /3-14 
2-31/3-4 
2:35 / 3-14 
2:31 /3-4 
2-35 / 3-14 
2:39 /3-4 
2-43/3-14 
2-39 / 3-4 
2-43 /3-14 
2-39 /3-4 
2-43: /3-14 
2-47/3-4 
2-51 /3-14 
2-51 / 3-14 
2:47 /3-4 
2-51 / 3-14 
2-47 /3-4 
2-51/3-14 
2-11/93-14 
2:13: /3-14 
2-15 /3-14 


Class Type 

Si NPN BD 229 
Si NPN BO 230 
Si PNP BD 231 
Si NPN BO 232 
Si NPN BD 233 
Si PNP BD 234 
Si PNP BD 235 
Si NPN 8D 236 
Si NPN BD 237 
Si PNP 8D 233 
Si PNP BO 262 
Si NPN BD 262A 
Si NPN BD 263 
Si PNP BD 263A 
Si PNP BO 264 
Si NPN BD 264A 
Si NPN BO 265 
Si PNP BD 265A 
Si PNP 8D 266 
Si NPN BD 266A 
Si NPN BD 267 
Si PNP 8D 267A 
Si PNP BD 271 
Si NPN 80 272 
Si NPN 80 273 
Si PNP BD 274 
Si PNP BD 275 
Si NPN 80 276 
Si PNP BD 361 
Si NPN 80 361A 
SI PNP BD 362 
Si NPN BD 362A 
Si PNP BO 433 
Si NPN BO 434 
Si PNP BD 435 
Si NPN BD 436 
Si PNP BO 437 
Si NPN BD 438 
Si PNP 8D 505 
Si NPN BD S06 
Si PNP BD S07 
Si NPN BD S08 
Si PNP BD SOS 
Si NPN BD 510 
Si PNP BD S16 
Si NPN 60516 
Si PNP 6D 517 
Si PNP BO 518 
Si NPN BD 519 
Si PNP BD 520 
Si NPN BD 525 
Si PNP BD 528 
Si NPN BD 527 
Si PNP 8D 528 
Si NPN BD 528 


Nearest Ti 


BD 138 
8D 139 
8D 140 


8D 633 
8D 634 
8D 635 
8D 638 
BD 637 
80 638 
TIP 121 
TIP 126 
TIP 120 
TIP 121 
TIP 126 
TIP 126 
TIP 120 
TIP 121 
Tip 121 
TIP 126 
TIP 120 
Tip 121 
BD 241 
BD 242 
BD 241A 
BD 2424 
BD 2418 
BD 2428 
BD 733 
BD 733 
BD 734 
BD 734 
80 733 
BD 734 
8D 735 
BD 736 
8D 737 
80738 
8D 733 
BD 734 
BD 735 
80 736 
BD 737 
BD 738 
BD 633 
8D 634 
BD 635 
BD 636 
BO 637 
6D 638 
6D 635 
8D 636 
8D 637 
BD 638 
BD 239C 


Poge 

2-17 / 3-14 
2-19 /3-14 
2-21/3-14 


2-71/3-6 
2-73 /3-6 
2-71/3-6 
2-73/3-6 
2:71 /3-6 
2-73 /3-6 
2-217 / 34 
2-221/36 
2-217 /3-6 
2-217 /3-6 
2-221/3-6 
2-221/ 3-6 
2-217 (3-46 
2-217 / 3-6 
2-217 /3-6 
2-221/3-6 
2-217 /3-6 
2-217 /3-6 
2-31 /3-4 
2-35 /3-14 
2-31 /3-4 
2-35 / 3-14 
2-31 /3-4 
2:35 / 3-14 
2:75 /36 
2-75 /346 
2:77 /34 
2-77 /3-6 
2:78 (36 
2:77 /3-6 
2-75 /3-6 
2-77/346 
2-75 /3-6 
2:77/3-6 
2:75 /3-6 
2-:77/346 
2-75 /3-6 
2:77/3-6 
2-75/3-6 
2-77 136 
2-71/3-6 
2:73 /3-6 
2:71/3-6 
2:73 /3-6 
2-:71/3-6 
2:73/3-6 
2-71 /3-6 
2-73 /3-6 
2:71 /3-6 
2-73/3-6 
2-23/3-4 


TEXAS INSTRUMENTS 


1-93 


1-94 


Type 


8D $30 
BD 561 
BD S62 
BD 575 
BD 576 
8D 577 
8D 578 
80 579 
BD 580 
BD 581 
BD 582 
BO 585 
BD $86 
BD 587 
8D 588 
BD 589 
8D 590 
BD 591 
BD $92 
8D 595 
BD 596 
BD 597 
BD 598 
8D 598 
BD 600 
BO 601 
BD 602 
8D 605 
BD 606 
8D 607 
80 608 
BD 609 
BD 610 
80 675 
8D 675A 
BD 676 
BO 676A 
80 677 
BD 677A 
BD 678 
BO 678A 
80 679 
BD 6794 
BD 680 
BD 680A 
BD 695 
BD 695A 
BD 696 
BO 696A 
8D 697 
BO 697 
BD 697A 
8D 698 
BD 698 
BD 698A 


Nearest Tl 


BD 240C 
BO 737 
BD 738 
B80 241 
BD 242 
BD 241A 
BD 242A 
BD 2418 
BD 2428 
BD 241C 
BD 242¢ 
8D 243 
BD 244 
BD 243A 
BD 244A 
BD 2438 
BO 2448 
BD 243C 
BD 244C 
BD 245 
BD 246 
@D 245A 
BD 2464 
BD 2458 
BD 2468 
BD 245¢ 
8D 246C 
BD 245 
BD 246 
BD 245A 
BD 2464 
BO 2458 
BD 246C 
TIP 120 
TIP 120 
TIP 125 
TIP 125 
TIP 120 
TIP 120 
TIP 125 
TIP 125 
TIP 121 
TIP 121 
TIP 126 
TIP 126 
TIP 120 
TIP 140 
TIP 125 
TIP 145 
TIP 120 
TIP 146 
TIP 140 
TIP 125 
TIP 145 
TIP 145 
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2-27 / 3-14 
2-75 136 
2-77 /346 
2-31 /3-4 
2-35 / 3-14 
2-31/34 
2-35 /3-14 
2-31/34 
2-35 (3-14 
2-31/34 
2-35 /3-14 
2-39 /34 
2-43 / 3-14 
2-39 /34 
2-43 /3-14 
2-39 /34 
2-43 /3-14 
2:39 /3-4 
2-43 /3-14 
247/34 
2-61 / 3-14 
2-47/34 
2-51. /3-14 
2-47 /34 
2-51/3-14 
2-47/34 
2-51 / 3-14 
2-47/3-4 
2:51 / 3-14 
247/34 
2-51 /3-14 
2-47/34 
2-51/3-14 
2-217 /346 
2-217 /34 
2-221/34 
2:221/3-6 
2217/36 
2:217 134 
2:221/346 
2-221 /36 
2:217/346 
2-217/34 
2221/36 
2:221/3-6 
2-217 /346 
2-225 / 3-46 
2:221/3-6 
2-229 / 34 
2217/34 
2-229 /346 
2-225 /3-6 
2-221 /346 
2-229 / 36 
2-229 / 3-6 


Class Type 

Si PNP BD 689 
Si NPN 8D 699 
Si PNP BD 699A 
Si NPN 80 700 
Si PNP BD 700 
Si NPN 8D 700A 
Si PNP 8D 701 
Si NPN 80701 
Si PNP BD 702 
Si NPN BD 702 
Si PNP 

Si NPN BOX 62 
Si PNP BOX 62A 
Si NPN BOX 63 
Si PNP BOX 63A 
Si NPN BDX 64 
Si PNP BDX 64A 
Si NPN BDX 65 
Si PNP BDX 65A 
Si NPN BDX 70 
Si PNP BDX 71 
Si NPN BDX 72 
Si PNP BDX 73 
Si NPN BOX 74 
Si PNP BOX 75 
Si NPN BDX 77 
Si PNP BOX 78 
Si NPN 

Si PNP BDY 20 
Si NPN BDY 39 
Si PNP BODY 96 
Si NPN BOY 97 
Si PNP BDY 98 
Si NPN 

Si NPN BU 105 
Ss PNP BU 108 
Si PNP BU 111 
Si NPN BU 114 
Si NPN BU 126 
Si PNP BU 210 
Si PNP BU 211 
Si NPN BU 212 
Si NPN 

‘Si PNP Buy 58 
Si PNP BUY 72 
Si NPN BUY 73 
Si NPN BUY 74 
Si PNP BUY 75 
Si PNP BUY 76 
Si NPN 

Si NPN J 900 

Si NPN J 901 

Si PNP pJ 2500 
Si PNP yJ 2501 
Si PNP J 3000 


TEXAS INSTRUMENTS 


Nearest TI 


TIP 121 
TIP 141 
TIP 141 
TIP 126 
TIP 146 
TIP 146 
TIP 122 
TIP 142 
TIP 127 
TIP 147 


TIP 141 
TIP 146 
TIP 140 
TIP 141 
TIP 145 
TIP 146 
TIP 140 
TIP 141 
BD 2454 
BD 2454 
BD 2458 
BD 2458 
TIP 3055 
TIP 3055 
BO 2458 
BD 2468 


2N 3055 
2N 3055 
BUY 708 
BUY 708 
BUY 70C 


BU 105 
BU 108 
BUY 708 
BUY 70C 
BU 126 
BU 69C 
BU 69B 
BU 69A 


TIP 538 
BUY 70C 
TIP $38 
BUY 69C 
BUY 69B 
BUY 69A 


TIP 645 
TIP 646 
TIP 645 
TIP 646 
TIP 640 
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2-217 /3-6 
2-225 /3-6 
2-225 /3-6 
2-221/3-6 
2-229 / 3-6 
2-229 / 3-6 
2-217 / 3-6 
2-225 /3-6 
2-221/3-6 
2-229 / 3-6 


2-225 / 3-6 
2:229/3-6 
2-225 /3-6 
2-225 /3-6 
2-229 /3-6 
2-229 / 3-6 
2-225 / 3-6 
2-225/3-6 
2-47 /3-4 
2-47 /3-4 
2-47/3-4 
2-47 /3-4 
2-279 / 3-6 
2:279/3-6 
2-47 /3-4 
2-51/3-14 


2-289 / 3-6 
2-289 / 3-6 
2-129 / 3-10 
2-129 / 3-10 
2-129 / 3-10 


2:112/3-8 
2:117/3-8 
2-129 / 3:10 
2-129 / 3-10 
2-121/3:8 
38 
38 
38 


2-263 / 3-10 
2-129 / 3-10 
2-263 / 3-10 


2-271 / 3-16 
2-271 /3-16 
2-271/3-16 
2-271/ 3-16 
2-267 / 3-16 


er a re ES 


Type 


p! 3001 
3771 
BS 3772 
pJ 7000 


MJE 1290 
MJE 1291 
MJE 1660 
MJE 1661 
MJE 2955 
MJE 3055 


RCA 29 
RCA 294 
ACA 298 
RCA 29C 
RCA 30 
RCA 304 
RCA 308 
RCA 30C 
ACA 3) 
ACA I1A 
RCA 318 
RCA 3IC 
RCA 32 
ACA 324 
RCA 328 
RCA 37C 
RCA 41 
RCA 41A 
RCA 41B 
RCA 41C 
RCA 42 
RCA 424 
ACA 42B 
RCA 42C 
RCA 101 
ACA 102 
RCA 103 
RCA 104 
ACA 105 
ACA 201 
RCA 202 
RCA 203 
ACA 204 
ACA 205 
RCA 40613 
RCA 40618 
RCA 40621 
RCA 40622 
RCA 40629 
RCA 40630 
RCA 40631 
RCA 40624 
RCA 40627 


Nearest Tl 


TIP 641 
2N 3771 
2N 3772 
2N 5303 


8D 250 
8D 250A 
BD 249 
BD 249A 
TIP 5830 
TIP 3055 


BD 239 
BD 239A 
8D 2398 
BO 239C 
BD 240 
BD 240A 
BOD 2408 
BD 240¢ 
BD 241 
BD 241A 
BD 2418 
80 241C 
BD 242 
BD 2424 
BD 2428 
BD 242C 
BO 243 
BD 243A 
BO 2438 
BD 243C 
BD 244 
8D 244A 
BD 2448 
BD 244C 
BD 246 
BD 246A 
BO 246A 
8D 2468 
BD 246A 
BD 245 
BD 245A 
BD 2454 
BD 245B 
BO 2454 
80 733 
8D 735 
8D 735 
BD 737 
BD 735 
8D 737 
BD 737 
BD 243 
BD 243A 
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2-267 / 3-16 
2-317 

2-317 

2-367 (346 


2-59 / 3-14 
2-59 / 3-14 
2-55 /3-4 


3-6 
2-279 /3-6 


2-23 /3-4 
2-23: /3-4 
2-23/34 
2-23 /3-4 
2-27 13-14 
2-27 / 3-14 
2-27 /3-14 
2-27: /3-14 
2-31/3-4 
2-31/3-4 
2-:31/3-4 
2-31/3-4 
2:35/3-14 
2-35 /3-14 
2-35 /3-14 
2-35 / 3-14 
2:39 / 3-4 
2:39 / 3-4 
2:39/3-4 
2-39/ 3-4 
2-43 / 3-14 
2-43 /3-14 
2:43 / 3-14 
2-43 / 3-14 
2-51/3-14 
251/314 
2-51 /3-14 
2-51 /3-14 
2:51 /3-14 
2-47 /3-4 
2-47/3-4 
2-47 /3-4 
2-47 /3-4 
2-47 13-4 
2-78 /3-6 
2-75 /3-6 
2:75 /3-6 
2-75 /3-6 
2-78 /3-6 
2-75 /3-6 
2:75 /3-6 
2-39 /3-4 
2:39 /3-4 


Class Type 

Si NPN RCA 40632 

Si NPN RCA 45190 

Si NPN RCA 45191 

Si NPN RCA 45192 
RCA 45193 

Si PNP RCA 45194 

Si PNP RCA 45195 

Si NPN 

Si NPN SDT 7731 

Si NPN SDT 7732 

Si NPN SDT 7733 
SDT 7734 

Si NPN SOT 9204 

Si NPN SOT 9209 

Si NPN 

Si NPN 2N 3055 

Si PNP 2N 3418 

Si PNP 2N 3419 

Si PNP 2N 3420 

Si PNP 2N 3421 

Si NPN 2N 3440 

Si NPN 2N 3583 

Si NPN 2N 3584 

Si NPN 2N 3585 

Si PNP 2N 3771 

Si PNP 2N 3772 

Si PNP 2N 3773 

Si PNP 2N 3789 

Si NPN 2N 3790 

Si NPN 2N 3791 

Si NPN 2N 3792 

Si NPN 2N 3846 

Si PNP 2N 3847 

Si PNP 2N 3902 

Si PNP 2N 4240 

Si PNP 2N 4899 

Si PNP 2N 4901 

Si PNP 2N 4902 

Si PNP 2N 4903 

Si PNP 2N 4904 

Si PNP 2N 4905 

Si NPN 2N 4906 

Si NPN 2N 4915 

Si NPN 2N 4998 

Si NPN 2N 4999 

Si NPN 2N 5000 

Si NPN 2N 5001 

Si NPN 2N 5002 

Si NPN 2N 5003 

Si NPN 2N 5004 

Si NPN 2N 5005 

Si NPN 2N 5038 

Si NPN 2N 5039 

Si NPN 2N 5147 

Si NPN 2N 5148 


Nearest Tl 


BD 243A 
BD 245 

BD 245A 
8D 2458 
BD 246 

BD 246A 
BD 2458 


2N $301 
2N $301 
2N 5301 
2N $301 
2N 5301 
2N 5301 


2N 3055 
2N 3418 
2N 3419 
2N 3420 
2N 3421 
2N 3440 
2N 3583 
2N 3584 
2N 3585 
2N 3771 
2N 3772 
2N 3773 
2N 3789 
2N 3790 
2N 3791 
2N 3792 
2N 3846 
2N 3847 
2N 3902 
2N 4240 
BOX 14 
2N 4901 
2N 4902 
2N 4903 
2N 4904 
2N 4905 
2N 4906 
2N 4915 
2N 4998 
2N 4999 
2N 5000 
2N 5001 
2N 5002 
2N 5003 
2N 5004 
2N 5005 
2N 5038 
2N 5039 
2N 5147 
2N 5148 
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2-39 /34 
2.47/34 
2-47 /3-4 
247/34 
2-51 /3-14 
2-51 / 3-14 
247/34 


2-367 / 3-6 
2-367 / 3-6 
2-367 / 3-6 
2-367 / 3-6 
2-367 / 3-6 
2-367 / 3-6 


2-289 / 3-6 
2-295 

2-295 

2-295 

2-295 

2-301 / 3-10 
2-309 / 3-10 
2-309 / 3-10 
2-309 / 3-10 
2-317 

2-317 

2-317 

3-16 

3-16 

3-16 

3-16 

2-321 

2-321 

3-10 

2-309 / 3-10 
3-14 

3-16 


3-6 

2-331 / 3-6 
2-335 / 3-16 
2-331 / 3-6 
2-335 / 3-16 
2-339 / 3-6 
2-343 / 3-16 
2-339 /3-6 
2-343 / 3-16 
36 

3-6 

2-335 / 3-16 
2-331 /3-6 
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Type 


2N 5149 
2N 5150 
2N 5151 
2N 5152 
2N 5153 
2N 5154 
2N 5157 
2N 5241 
2N 5295 
2N 5296 
2N 5297 
2N 5298 
2N $293 
2N 5294 
2N 5301 
2N 5302 
2N 5303 
2N 5333 
2N 5490 
2N $491 
2N 5494 
2N 5495, 
2N 5492 
2N $493 
2N 5496 
2N 5497 
2N 5683 
2N $684 
2N 5685 
2N 5686 
2N 5758 
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Nearest TI 


2N 5149 
2N 5150 
2N 5151 
2N 5152 
2N 5153 
2N 5154 
2N 5157 
2N 5241 
BD 737 

BD 737 

BD 2414 
BD 2414 
6D 137 

BD 137 

2N 5301 
2N 5302 
2N 5303 
2N 5333 
BD 243A 
BD 243A 
BD 243A 
BD 243A 
BO 243A 
BD 243A 
8D 2438 
BD 2438 
2N 5683 
2N 5684 
2N 5685 
2N 5686 
2N 5758 
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2-335 / 3-16 
2-331 / 3-6 
2-343 / 3-16 
2-339 / 36 
2-343 / 3-16 
2-339 / 3-6 
2-359 / 3-10 
2-363 / 3-10 
2:75 /346 
2-75 13-6 
231/34 
2:31/34 
2:15 13-14 
2:15 /3.14 
2:367 / 36 
2-367 {3-6 
2-367 / 3-6 
2-373 / 3-16 
2:39.34 
2-39 53-4 
2:39 /3-4 
2-39/34 
2-39 / 3-4 
2:39 /34 
2:39/34 
2:39 / 3-4 
2-379 / 316 
2-379 / 3-16 
2-381 / 3-8 
2:381/38 
2-395 /3-8 


Si 
$i 


si 


$i 
Si 
Si 
Si 
Si 
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Type 


2N 5759 
2N 5760 
2N 6098 
2N 6099 
2N 6100 
2N 6101 
2N 6102 
2N 6103 
2N 6106 
2N 6107 
2N 6108 
2N 6109 
2N 6110 
2N 6111 
2N 6178 
2N 6179 
2N 6180 
2N 6181 
2N 6288 
2N 6289 
2N 6290 
2N 6291 
2N 6292 
2N 62803 
2N 6326 
2N 6327 
2N 6328 
2N 6329 
2N 6330 
2N 6331 


Nearest TI 


2N 5759 
2N 5760 
BD 2454 
BD 2454 
BD 2458 
8D 2458 
TIP 3055 
TIP 3055 
BD 2468 
BD 2468 
BD 246A 
BD 246A 
BO 246 

BD 246 

BD 239C 
BD 2398 
BO 240C 
80 2408 
BD 245 

BD 245 

BD 245A 
BD 245A 
BO 2458 
BD 2458 
2N 6326 
2N 6327 
2N 6328 
2N 6329 
2N 6330 
2N 6331 
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2-395 /3-8 
2-395 / 3-8 
2-47 /3-4 
2-47 /3-4 
2-47 /34 
2-47/3-4 
2-279 /3-6 
2-279 /3-6 
2:51/3-14 
2-51 /3-14 
2-51/3-14 
2:51 /3-14 
2-51 /3-14 
2:51 /3-14 
2:23/34 
2:23/3-4 
2:27 / 3-14 
2:27/3-14 
2:47 /3-4 
2-47 13-4 
2-47/3-4 
2:47 /3-4 
2:47/3.4 
2-47 / 3-4 
2-405 /3-8 
2.405 / 3-8 
2-405 / 3-8 
2-409 / 3-16 
2-409 / 3-16 
2-409 / 3-16 


Si 


Si 
Si 
Si 
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TECHNOLOGY DISCUSSION 


SILICON POWER TRANSISTORS AND THYRISTORS 


Mena versus Planar versus Glass-Mesa Designs 


Contemporary silicon power devices can be classified into wo, broad, structurally different categories; planar and 
mesa. 


A typical double-diffused epitaxial planar transistor structure is shown in Figure 1. The P-N junctions are all 
tormed by dilluston and passivated by the oxide (S:02). A typical mesa transistor structure is shown in Figure 2, 
In this illustration the emitter-base junction ts of planar structure. The collector-base junction is formed by 
selectively etching the silicon into 3 mes3-like structure. The exposed junction is usually coated with some 
insulating substance to protect it from contamination, humidity, and other adverse environments. 


Typically, the planar structure 15 well-suited for higher [requency and faster switching. This is because the base 
width of the planar device can be made very narrow. 


For the same reason, however, the breakdown voltage rating 1s usually limited to only several hundred volts. The 
mesa Structure, duc to its process limitations, is generally used for tower frequency and moderate switching speed 
It does altow higher voltage devices to be built, however. 


When operated under high-temperature conditions, the planar structure is generally the superior one, Through the 
intensive and fruitful effort in the advancement of the planar process, the oxide-silicon has becorne the best 
understood system in the semiconductor field. As a result, when the knowledge of planar technology is properly 
applied, planar devices with extremely low leakage current can be produced routinely and maintained with very 
high reliability. 


Even though, historically, the mesa devices were among the first devices developed, the passivation of the exposed 
junction has noi been well understood. As a result, the leakage currents are moderately higher and less stable than 
those of the planar devices. The knowledge of the planar technology has impacted the improvement of mesa 
junction passivation quite strongly. The development of glass passivation has contributed significantly to the 
reduction of leakage currents and improvement in stability in mesa structures. A typical glass-passivated structure 
is shown in Figure 3 This glass-passivated device offers the advantages of both the mesa and planar structures. 
Once the glass ts in place, the unit is seated against the rigors of assembly and can even be dipped into liquid 
solder without damage. This advanced concept is used in many power transistors and thyristors manulactured by 
Texas Instruments. 


Ir 
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BASE CONTACT 


COLLECTOR FIELD PLATE 


EMITTER CONTACT 


FIGURE 1-PLANAR TRANSISTOR STRUCTURE 
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FIGURE 2-MESA TRANSISTOR STRUCTURE 
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FIGURE 3—GLASS-PASSIVATED STAUCTURE 


Forward and Reverse Energy Considerations 


A power transistor must be designed not only to meet specific electrical specifications, but also to withstand the 
circuit application power requirements. A device with low thermal resistance does not guarantee that the device 
will operate in the circuit application. The application may exceed the second breakdown limitations of the 
device. 


Transistors have two basic second breakdown modes. One mode is known as forward second breakdown and the 
other is reverse second breakdown. Forward second breakdown may occur when a device is operated in the 
amplifying mode. Most devices can handla more power in the low-voltage, high-current state than at the high- 
voltage, low-current condition, Second breakdown occurs when localized heating manifests itself in the emitter 
region. The cause for the “hot spot” Is a non-uniform temperature profile across the emitter surface. 
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Because the Vge characteristic of a transistor has a negative temperature coelficient, the “hot spot’ area “hogs” 
the emitter current as the power is increased, thus leading to a thermal run-away condition. When the hot spot 
exceeds the eutectic temperature of the silicon-emitter-metal interface, the contact metal will diffuse through the 
emitter, causing a catastrophic failure. 


Designing the emitter geometry such that the thermal resistance over the entire emitter region is constant will 
improve the forward second breakdown characteristics of the devices. All the recently announced Ti power 
transistors uulize “isothermal” geometries to opumize the Safe Operating Area (SOA). 


Reverse second breakdown may occur in a transistor during the turn-off transient, If a transistor is used for 
inductive switching, the device must dissipate the energy of the inductor when switching from a conducting state 
to an olf state unless a protective circuit is used. The maximum energy that a transistor can dissipate in this 
transient condition is known as reverse energy capability The reverse energy capability of a transistor can be 
increased by several orders of magnitude by using the optimum collector thickness and resistivity profile. Texas 
Instruments has developed 3 proprietary empirical method lor calculating the starting material collector prolile 
required 10 produce d&..ces with ODI. mum reverse energy Capability versus other desired parameters 


Summary of Advantages and Disadvantages of Various Technologies 


Now that these different general structures and design ideas have been discussed, a listing of specific designs and 
their advantages and disadsantages 1s provided below for ready reference. 


Single-Diffused (Homogeneous-Bate Mesa) 
Advantages 
@ Excellent forward and reverse energy capability 
© Low manufacturing cost 
Disadvantages 


© Low switching speed — excessive power dissipated during switching applications. Large-area heat 
sink required 


@ Very poor beta linearity versus collector current 

@ Inherent junction instabilities of a mesa device 

@ Requires at least 50% more silicon area for high-current performance 

@ Not practical for use in hybrid functions since junctions need to be passivated after assembly 


@ Complementary P-N-P type difficult to produce 
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TI Single-Ditfused Il (glass-passivated epi-base) 

Advantages 
@ Excellent forward and reverse energy capability 
@ Low manufacturing cost 
@ Planar type leakages and stabilities due to glass-passivated junctions 
@ Faster switching speeds than homogeneous-base structure 
@ Complementary P-N-P types readily available at low cost 
© No special processing required for utilization of chips in hybrid lunctions 
@ More linear beta versus collector current than homogeneous-base structure 
@ = Less silicon required for high-current performance 

Disadvantages 
® Chip costs slightly higher due to additional stice processing 

Triple-Diffused Mesa 

Advantages 
© Moderate switching speeds 
© Good reverse anergy capability 
© Moderate saturation resistance 
© High electrical yields 

Disadvantages 
@ Mesa junction instabilities 
@ Long-duration high-temperature diffusions required for collector 
© Chip must be passivated after being assembled to header 


@ Exposed junctions are sensitive to ambient conditions during wafer electrical probe 


TEXAS INSTRUMENTS 1-103 


POWER SEMICONDUCTOR TECHNOLOGY 


TI Triple-Diffused Glass-Passivated Mesa 


Advantages 


Moderate switching speeds 


@ Good reverse energy capability 
@ Moderate saturation resistance 
@ High electrical yields 
© No passivation of junction required after assembly 
@ Planar type leakage and stability due to glass-passivated junctions and N+ guard ring structure 
@ No special processing required for use of chips in hybrid functions. 
@ Wafer e'ectuical probe can be set to tighter limits tor high final test yields 
Disadvantages 
®@ ~Long-duration high-temperature diffusions required for collector 


Epitaxial Ptanar 


Advantages 
@ Fast switching speeds 
@ Excellent beta linearty versus collector current 
© Low junction leakage and excellent stability 
@ P-N-P complement units are available 
© Low saturation resistance 
Disadvantages 
@ Generally lower energy capability 
@ Higher manufacturing costs 
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TI Isothermal Epitanial Planar Transistors 
Advantages 


@ Fast switching speeds 


Excellent beta linearity versus collector current 
@ Low junction leakage and excellent stability 
@ Good reverse and forward energy capability 
e@ P.N-P complements available 
@ Low saturation resistance 
Disadvantages 
@ Higher manufacturing costs 
Chip-Mounting Techniques 


Once the design of the silicon chip geometry has been achieved, the next problem to be addressed is how to 
assembla the unit. 


The majority of mounting systems for power transistors and thyristors fall into two major categories—““*hard” 
and “soft’’ solders, The “hard’’-solder systems ore often made up of a molybdenum mounting platform with a 
gold-base preform used to alloy the chip to the molybdenum. The coefficient of expansion of molybdenum 
approximates that of silicon such that the stresses of temperature excursions are minimized. In the “soft’’-solder 
system, a lead-base solder is used to mount the chip directly to a copper platform, In this system, the flexible 
nature of the solder absorbs the stresses of mismatch between the silicon chip and the upper platform during 
temperature cycling. Disagreements exist as to which system is best but as with many similar questions, the 
answer depends upon the end use of the product. Both systems have their advantages and disadvantages. The 
hard-solder systems do not perform under repeated high-current surges as well as the soft-solder systems, and the 
soft systems, unless carefully chosen, tend to work-fatigue. Texas Instruments uses both systems with success. 


Lead-Bonding Techniques 
In bonding, as in mounting, there are two ways in which most power transistors and thyristors are assembled. 


One method utilizes ultrasonic bonding of aluminum wire to the chip. The other technique is solder contact 
bonding. Again, each method has its advantages and disadvantages. When low volume and close control are 
available, the aluminum bond is very good, but the rugged solder contact method lends itself to volume 
production and is very readily process controlled. Texas Instruments uses both types of lead bonding methods in 
the construction of power transistors and thyristors, each serving the needs of the desired application. 
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APPLICATION REPORT SUMMARY 


Introduction 
Listed in this section are several application reports pertaining to the use of power semiconductors. Section A is a listing 
of abstracts of application reports previously published by Texas Instruments. Reprints of the full reports may be 
obtained by writing Texas Instruments Inc., P.O. Box 5012, M.S. 308, Dallas, Texas 75222 


Section B contains a discussion of Safe Operating Areas and Secondary Breakdown Ratings of Power Transistors and 
Section C contains new application information covering Thermal Considerations in the use of Power Semiconductors. 


A. APPLICATION REPORT SUMMARY 
CA-66—SCR Switching Methods 


This report describes various techniques for switching SCR’s. Topics covered include: Etfectrical Characteristics of 
SCR’s, Turning on SCR’s, Effect of loads on switching, Turning off SCR’s, and specific SCR switching applications. 


CA-82-SCA Ring Counters 
This report discusses the design and application of ring counter circuits using SCR’s to perform digital logic functions. 
CA-105—Alll Silicon 35-Watt Audio Power Amplifier 


This report describes an all siticon, low-cost power amplifier featuring a transformerless, direct-coupled, comple- 
mentary-symmetry, Criver-output circuit. The class-AB output stage will deliver 35 watts rms (or 70 watts of peak 
Power) into an 8 ohm load with a 55-volt supply. 


With 35 watts (rms) output power, the frequency response is —3 dB at 7.4 Hz and 91 kHr. Total harmonic distortion is 
less than 0.5% from 60 Hz to 17 kHz, and less than 1% from 37 Hz to 54 kHz. Sensitivity at 1000 Hz is less than 1 volt 
for full power output. 


CA-111—Low-Cost Solid-State Audio Amplifien 
This report presents two applications of TI’s new low-cost, medium-power, silicon epitaxial base plastic transistors. 
The circuits described in this note are a 15-watt (rms) complementary.symmetry audio power amplifier which is 
direct-coupled throughout, and a 3-watt (rms) class-A automotive audio power amplifier which uses a P-N-P output 
device. 
Emphasis has been placed on obtaining a low-cost amplifier giving the maximum amount of output power possible fram 
the device while using the minimum number of devices, holding the distortion to a reasonable level, and keeping the 
sensitivity compatable with typical amplifier requirements. 

CA-116A—Low-Cost Plastic Power Audio Amplifiers 
This report provides two examples of amplifier design (5 watts and 2.5 watts rms) using low-cost plastic single-diffused 


power transistors. Low-cost plastic power transistors are ideal components for use in the output stage of low-cost audio 
amplifiers, Excerpts fram the subject data sheets are included. 


ep oS 
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CA-117—Low-Cost Plastic Power Driven: 


This report describes two similar approaches to the preliminary design of an 8O-wart (rms) audio power amplifier using 
low-cost plastic power transistors. 


The first has a class-A driver stage and is suitable for a public address system. The other uses a slightly more 
complicated class-AB driver stage to obtain performance suitable for a high-quality music system, 


Discussion is centered around design consideration of the driver stage. 
CA-118—Economical Servo Control Amplifiers 


This note describes a simple, reliable version of a servo amplifier that is particularly economical due to its use of 8 type 
of plastic power output transistor which exhibits high gain, high-dissipation capability, and low saturation voltages. 


Devices used are single-diffused epitaxial-base plastic power transistors which are available in N-P-N and P-N-P polarities 
over 8 current range of one to 25 amperes. 


CA-119—Economical Revertable O-C Motor Control 


This report describes an economical solid-state circuit which regulates a single-polarity d-c power source to set the speed 
and direction of a reversible d-c motor, regardless of its shaft load (within the rating of the motor). 


CA-120—Economical Power Voltage Regulators 
In this report, an approach to output stage design is presented that is applicable to a wide variety of voltage regulators. 
Complete designs are presented and compared for a series-pass and a switching-mode regulator. 


CA-121—Fan Motor Thermostatic Speed Control 


This report presents a thermostatic convol circuit for two types of a-c motors sultable for sir cooler, attic fans, and 
central sir-conditioning blower motors. 


The advantage of this circuit is its use of a triac as the power-control element. The circuit requires no power other than 
line voltage but uses low-voltage connections to remote-control elements. 


A semiconductor thermistor (temperawre-sensitive resistor) is the sensing element, and economical plastic transistors 
are used in the triac trigger circuit 


CA-123—Low-Cost 400-Wart Converter 
This report discusses a converter with 8 saturating drive transformer and a non-saturating output transformer. 


This converter steps up d-c from 20 V to 110 V and drives toads as large as 400 watts. Because the critical parts of the 


circuit are the power transistors and two transformers, the specifications of these devices ere crucial to the design 
procedure, 
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CA-126—Economical High-Voltage Converters 
This report describes the use of plastic-encapsulated single-diffused silicon power transistors in high-voltage converter 
applications. Two circuit concepts are discussed. The first one is a two-transistor converter using a single transformer 
tor the drive and voltage-conversion function. 
The second circuit is a single transistor blocking-oscillator type, common to high-voltage energy discharge systems. 


CA-137—Programmable Trigger Circuit for Triac Phase Control 


This report discusses the theory and applications of the phase-shift technique of a-c power control using triacs. In this 
control system, power delivered to the load is varied by changing the phase angle during which the triac is conducting. 


The designer may consider the basic circuit a universal building block which can be programmed for different 
applications by using different accessory networks. 


CA-138—Triac Triggering Techniques 


This report describes techniques to accomplish the triggering function and illustrates several different methods for 
controlling 8-c power with triacs. 


A sample trisc date sheet is appended, and the important ratings of several popular T{ triacs are tabulated. 
CA-141—Universal Driver for Audio Amplifiers 


This report describes @ universal audio driver that, In conjunction with properly selected output transistors, can be 
made into an amplifier with en rme power capability of five watts to 50 watts. 


By using low-cost plastic-encapsulated transistors and the minimum number of components, the cost has been kept to a 
minimum, 


CA-142—Direct-Coupled Complementary 80-Watt Stereo Amplifier 


The 80-watt-per-channel stereo system described In this report Is an economical design with excellent performance. All 
transistors uted are low-cost plastic devices with proven reliability end performance. 


All the usua! hi-fi inputs and equiization networks are provided. 
CA-169-—Voltags Feedback Methods to Improve Audio Amplifier Oesigns 


This report examines the factors Involved In utilizing voltage feedback, how these factors affect circult performance, 
and how voltage feedback can best be employed to achieve the desired performance from an audJo amplifier. 


Discussions concern expressions for open-loop, closed-loop, and variations of certain closed-loop parameters with 
teedback, as well as boot-strapping and the effect of compensation on closed-loop performance, 
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B. SAFE OPERATING AREAS FOR POWER TRANSISTORS 


The Safe Operating Area encloses ail points representing simultaneous values of two varlables which a transistor can 
safely handle under specified conditions, The majority of transistor applications can be reduced to one os more of the 
following operations: 


Forward-Biased Continuous Operation 

Pulsed Forward-Biased Operation 

Switching Between Saturation and Cutotf 
Each operation is discussed in reference to: 

Presentation 

Test Circuit 

Test Points 

Test Procedure 

Temperature Derating 


The maximum operating capability of each individual transistor is a complex function of Ic, VCE, Ig, Tc and ty. To 
characterize the full capability of a device would require an unreasonable number of test points. Therefore, it is 
necessary to simplify a rating and derating theory. No reference to the type of failure mode is made. 


FORWARD-BIASED CONTINUOUS OPERATION 


Presentation 


Figure 1 shows a Forward-Biased Continuous Safe Operating Area, For VCE < VCE the total power dissipation 
PT is limited by Ic max. At increasing VcgE the power dissipation capability of most transistors 1s decreasing 
gradually. Because the rate of decrease depends on the individual transistor, it is suggested 10 use Pg for 
Vce2 < Vce < Vceg and Pr4 for Vce3 < VceE S VcE4. 


For the area given in Figure 1, safe operation is assured with forward bias only (Ig is positive for npn transistors, 
neyative for pnp transistors). High-current germanium transistors may have ICEG leakage currents of 1 A or more 
at high junction temperatures. I1 is not recommended to operate transistors continuously at currents smaller than 
ICEQ except in a temperature-stable cutott condition. 


Test Circuit 


The Forward-Biased Continuous Safe Operating Area can be verified by using the temperature-stable 
common-base circuit illustrated in Figure 2, The Transistor Under Test (TUT) dissipates Pp = Ic VceE for 
VcE>> 1V. 


Test Points 


The number of test points is arbitrary. The Safe Operating Area in Figure 1 requires three (3) test points: Ic at 
Vce2. Ic3 at VCE3 and I¢4 at VcE4. Test points should be selected using the principle that only the verified 
PTn is assured for Vce_'s smaller than the test point voltage VcEn. 


Ce 
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Test Procedure 


Test Point Example: Ic = Ic2 
Vce = VCE2 
T= 55°C for Ty max S 125°C 
To = 100°C for Ty max > 125°C 


Test Duration: 1 minute 


Determine: Rc? Vce2 
Ic2 
5V 

Ago — 
'c2 


Test Sequence: 


Start with Voc and Veg at low voltage. 
Increase Vcc to approximately VcE2. 
Increase VEE to obtain I¢2. 

Incraase Vcc to two times VCE2. 
Adjust VEE to obtain VcE2 and Ic2. 


PW PON 


Operate transistor at specified case temperature for one (1) minute. The transistor is not acceptable if I¢ varies 
more than 0.1 * 1¢2 during the one (1) minute test. 


N 


Decrease Vcc to VCE2. 
8. Turn off VEE. 
9. Turn off Voc. 


Evaluation: 


The device shall be capable of meeting the specification. 
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Temperature Derating for Continuous Operation 


The maximum allowable case temperature for 8 given PT can be calculated as follows: 
PT ° ° 
TCS TY max - a (Tj max — 55 C) for Ty max © 125°C 
Tn 


Py 
TCS TJ max ~ 5 (TJ max — 100°C) for Ty max > 125°C 
n 


Tc = Case Temperature 
TJ max = Maximum Operating Junction Temperature 
Py = Total power dissipation at VCE < VCEn 


Ptp = Total power Dissipation at Test Point VCEn and 
To = 85°C for Ty max < 128°C or Tc = 100°C 
for Ty max > 125°C. 


'c 

j a. 'ovs VCE . 
Kp, Te < 55°C FOR Ty max S 125°C 

Te < 100°C FOR Ty mex > 125°C 


LOG Vce1 Vce2 Vcea Vcea 
FIGURE 1 


Vee 


FIGURE 2 
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PULSED FORWARD-BIASED OPERATION 


Presentation 


Figure 3 shows three pulse width areas for tp) > tp2 > tpg; however additional pulse width areas may be added. 
The presentation in Figure 3 has the advantage of specifying the maximum capability of a transistor type at 
IC max whereas the area in Figure 4 is based on maximum capability at highest allowable Vcg. The area in 
Figure 4 is limited by IC max and curves representing constant Ic - VCE product. Therefore, the test point at 
highest VCE assures all other operating points within a given tp area, but on the other hand, this method derates 


the capability of a transistor at IC max. 


Test Circuits 


im test circuit Figure 5 the Pulsed Forward-Biased capability of a transistor can be verified. The transistor Q4 can 
be replaced by a switch such as a mercury relay. Some test circuits require an emitter resistor for the Transistor 
Under Test (TUT). Such a resistor is not desirable because it complicates specification writing as well as testing 


procedures. 


Test Points 


The number of test points equals the number of pulse width areas. The following table shows the required 


specilication for verification at Tc = 25°C: 


FIGURE TEST POINT Io 
3 a 'C max 
#2 'o max 
33 tc max 
4 #1 'c1 
#2 'c2 
#3 1¢3 


In addition the duty cycle has to be specified. 


VcE 

VcE5 
VCE6 
VCE7 
Vcee 
VceB 
VcEB 
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Test Procedure 


Test Point Example: Tc = 25°C 


I = IC max 
Vce = Ves 
Ip = tpl 


Duty Cycle =d1 


Determine: Vec1 = Vces * !c max Rs 


The collector current capability of Qq should be approximately: 


Vep2+*1.5V 'C max 
Icaq1i = 2 SS eS er 
Res2 HEE min (TUT) 


The current supplied to the base of Qy should be sufficient to drive Q4 into saturation for IcQi. 
Transistor Qy may be replaced by a rela,. The rise and fall time of the collector current should be small 
compared to the pulse width Ip. 


Test Sequence: 


1, With all voltage supphes turned of! adjust the pulse generator for tp = tor andd~ dl, 
2. Turn an Voc to Vcc}. 
3. Increase Vggyq until ic reaches IC max by applying single pulses. 
4 Check that the lollowing conditions are met. 
<p 
U<<itp 
Tce - 25°C 


5. The transistor 15 not acceptable if t¢ varies more than 0.1 - IC max during py. The duration of test is only that 
time adequate to mane the reading. 


6 Adjust Vggy to zero and turn off Voc 


For subsequent transistors to be tested. only steps 2, 3, 5 and 6 have lo be repeated 


Evaluation: 


The device shall still be capable of meeting the specification. 


ag TES 
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lo“ Ve 
t 
'c To 25¢ c 
SINGLE NONAEPETETIVE PULSE 


lo vt VE 
Te 258 C 
SINGLE NONAREPETETIVE PULSE 


"Crman) 


Vce tc CONSTANT 


Vv Vv, 
Vces ees“ VCE? Vee Eos cea VCE 
FIGURE 3 FIGURE 4 
score score SCOPE 
vin ‘Yee ' Vee COMMON 


PULSE 
GENEAATOR 


Voai Vee i 


FIGURE 5 
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SWITCHING BETWEEN SATURATION AND CUTOFF 
Resistive Load 


Presentation 


Figure 6 shows the area within which the load line has to be located for sule operation with a resistive load, 


Test Circuit 


Verilication of the Safe Operating Area is performed by svaitching the transistor on and olf with a single 
Non-repetitive pulse in circuit Figure 7 


Test Poins 


Only one test pornt has to be verified. This is accomplished by svatching from VCE max 10 saturation at IC max 
and back again to VCE max 


Test Procedure 


Test Point Example: Tce = 25 C 
Jo = Ic max 
VCE * VCE max 
Raai = Resi 
Ree2 = Ree2it) 
Ves1 = Ve81(1) 
Ves2 = Yes2ii) 


Determine: 


AL = VCE max 
'C max 


Vcc = VCE max 


The collector current capability of Q1 should be approximately: 


Vep2‘15V Vep1-15V 
Icq1 = 2 ——— + 
Rep2 Res 


The current supplied to be base of Qy should be sulficient to drive Qy into saturation lor Icqt. 


ON eee 
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Test Sequenca 


1, Adjust Vgg1. Veg2. and Vcc. 
2. Apply single pulses with increasing pulse width until Ic * IC max using the specified duty cycle. 


3. The transistor is not acceptable if the cutoff state after the pulse cannot be maintained. The duration of the 
test is only that time adequate to make the reading. 


4, Turn off all supplies. 
Evaluation: 


The device shall still be capable of meeting the specification. 


low Voce 
'c Te = 25°C 
SINGLE NONAEPETETIVE PULSE 


VcEtmaxd VCE 
FIGURE 6 


SCOPE SCOPE 
‘wn ‘oo 


TUT 
SCOPE 


COMMON 
RL 


PULSE 
GENERATOR 


Veet = Vee 


FIGURE 7 
i a EES 
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Clamped Inductive Load 


Presentation 


Figure 8 shows the area within which the load tine has to be located for safe operation with a clamped inductive 
load. 


Test Circuit 


The test circuit in Figure 9 is similar to the one shown in Figure 7 except for the load in the collector circuit. 
RLOAD represents the total resistive part of the load. 


Test Points 


By switching through the worst ailowable load line during turn off, the Safe Operating Area of Figure 8 can be 
verified. 


Test Precedure: 


Test Point Example: To = 25°C 
1c - IC max 
Vce = Vee 
Ru= Ru 
Lely 
Reet - Regt) 
Rep = Rea2t) 
Vee1 = Veet(1) 
Ves2 = VBB2t1) 
CR = INXXXX 
Vec* Voces 


The collector current capability of Q] should be approximately 


Vee2i1) 7 1SV Veet) - 15V 
Ree2i1) Agatti} 


Ica1 = 2 


The current supplied to the base of Q1 should be sufficient to drive Qy into saturation for 1¢Q1. 


—_—_—_—_—_—_—_—_—_—_—_—_——_—_—_—_ 
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Test Sequence 


1. Adjust Vggi1 to make vin = Vggii1). VaB2 to Vgg2i1). and Vcc to VcEg. 
2. Apply single pulses with increasing pulse width until ie = IC max with duty cycle as specified. 


3. The transistor is not acceptable if the cutoff state after the pulse cannot be maintained. The duration of the 
test is only that time adequate to make the reading. 


4. Turn olf all supplies. 
Evaluation: 


The device shall still be capable of meeting the specification. 
'c 


Cuma co vce. 
SINGLE NONREPETETIVE PULSE 


Vce 
Vceg 
FIGURE 8 


SCOPE SCOPE 


PULSE 
GENERATOR 


SCOPE 
Vec ‘ igh, 


Vee) 


FIGURES 
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Unclamped Inductive Load 


Presentation 


Figure 10 shows three different areas depending on Vgg? and Agg_2. The number of areas is arbitrary. The areas 
are limited by IC max. Cufves representing constant energy, 1¢2L/2, and a reasonable amount of maximum 
inductance L1 associated with circuits for which the transistor type is intended for. 


Test Circuit 


Verification of the Sate Operating Area is performed by svaiching the transistor from cutoff to saturation to 
cutolf with a single non repetitive Duise in the circuit of Figcre 11. 


Test Points 


Testing transistors with Ic4, 1¢5. and Icg and Ly assures the respective safe operating areas because the 
capability of absorbing inductive enesgy increases with increasing collector current. This method derates the 
capability of a trans:stor at IC max but decreases the amount of lesting at higher currents otherwise necessary 10 
verify a curve v.hich attempts to follow the actual capability of the device. 


The energy absorbed by the transistor is grven by: 


3+ L- Ic? - ViBRICEX 
6 WeR)cEX — 6 Vec + 4 Re Ie 
Inductive E.ergy Stored in L. EL = 1¢2L/2 


Ey = EL = Es - ER = 


where: Ey 


Es = Energy from Power Supply During ““Turnoft” Transient 


ER = Energy Absorbed by Resistive Component of the Load During ‘“‘Turnoft” 
Transient 


Ey = Energy Absorbed by Transistor During ‘Turnot!” Transient. 


ViBRICEX = Breakdown Voltage of Transistor Under Test (V(gR)CEO. V(BR)JCER oF 
ViBRICEX — Depending on Vgg2 and Reg?) 


Transistors with VigR)}CEX >> VCC absorb a lower energy Eq during the test than transistors with 
ViBRICEX * Vcc. If the ET capability of a transistor has to be predicted without knowing Vi(gR)CEX. the 
following Ey can be absorbed at Tc = 25°C for a single non-repetitwe pulse: 


1 
Et = —L: Ic? 
T 2 Cc 


It is desirable 10 choose Vcc < 15 V. This tends to decrease damage to transistors which are unable to pass the 
specified test point 
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= 


Test Procedure 


Test Point Example: Te = 25°C 
lo = 'c4 
Vcc = Voc2 < 15 V 
Re = RL2 © Voce/2!c4 
L=l2 
Reet = ReBt(2) 
Rge2 = Ree2i2) 
Vee1 = VaB1(2) 
Vee2 > VeB2(2) 


Determine: 


The approximate required pulse-width to reach 1¢4 is given by: 


L 
Ipa = 2 te 


Vcc 
The cotlector current capability of Qy should be approximately: 


Vee22) + 1.5V Vep1(2) — SV 
'ca1 ~ 2 a oe 
Rep2(2) Rpe1(2) 


The current supplied to the base of Qq should be sufficient to drive Q into saturation for IcQ}. 


Test Sequence 


1. Adjust Vggi to make vin = Vggi(2), ¥aB2 to VpBp2(2). and Vcc to Vcc2. 


2. Apply single pulses with tp << tpq. Increase pulse width until ic = I¢4. (Duty cycle should be such that 
TJ(AVG) = 25°C.) 


3. The transistor is not acceptable if the collector-emitter voltage collapses or oscillates during the collector 
current fall time ty. The transistor must be capable to maintain VigR}CEX during t¢ within £10% of 
V(BR)CEX- The duration of the test is only that time adequate to make the reading. 


4. Turn off all supplies. 
Evaluation: 


The device shall still be capable of meeting tho specification. 
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lowe 
1 Ter 2FC.Vec* Vz 
Cc SINGLE NONREPETETIVE PULSE 


'Clmmax) 


LOG 


'ce 
Ics 


'ca 


LOG Ly 


FIGURE 10 


SCOPE SCOPE 


Yn vee 


SCOPE 
COMMON 


RLoAD © 


PULSE 
GENERATOR 


Renney 
c 
\---------4 


CURRENT PROBE 
TEKTAONIX P 6042 
OA Equiv. 


FIGURE 11 
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Temperature Derating for Pulsed Forward-Bissed Operation end Switching 


‘ 
A safe maximum case temperature (Tc > 25°C) for a given Ic and average total power dissipation PT; AVG) due 
to repetitive pulses can be calculated as follows: 


Ic 
To <S Timax - 
'Cn 


(Ty max — 25°C) — Rosc PT(AVG) 


Tc = Case temperature 
Ty max ° Maximum operating junction temperature. 
Ic = Collector current during saturation 
Cn 2 Maximum allowed collector current at Tc = 25°C 
RgJc 2 Thermal resistance junction to case 


PT(AVG) * Average total power dissipation 


EEE anaes, 
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C. THERMAL CONSIDERATIONS 


Heat Flow 


To understand the fiow of heat through a solid, st is helpful to use an electrical analogy. 


ELECTRICAL TERM 
V—-Voltage differential [V} 
1—Current [A] 
A—Resistance [2] 


THEAMAL TERM 
T-Temperature differentia! (°C] 
P—-Power [\W] 

Rp—Thermal resistance |°C/W) 


Figure 1 illustrates the thermal circuit as it applies to a semiconductor device dissipating a continuous power into an 
air-cooled heat sink 


Ty-Junction Temperature 


—> 
P Rg jc- Junction to-Case Thermal Rewstance 
@ Toate Temperature 
TyatTy-Ta = RocHs-Careto-Heat Sink Thermal Resstance 


THs- Heat Sink Temperature 
Ra HSa~Heat Sink-to-Free-Aw Thermal Resistance 


Ta -Free-Au (Ambient) Temperature 


FIGURE 1 


The corresponding thermal circuit for a device dissipating continuous power in free air is shown in Figure 2, 


AF] 
— 
Pp Rese 
Tya*Ty-Ta Te 
Roca 
Ta 
FIGURE 2 


The most frequent thermal requirement which must be met is T) < Ty(max). For a given power dissipation this means 
the sum of all thermal resistances from junction to-ambient must be: 


T -T, 
Rosa < Jo) ) A 
dunction-to-Case Thermal Retistance—Ag jc 


Rg sc 1s the temperature difference between the power dissipating junction and a point specified on the case divided by 
the power dissipation. Most Tl power device data sheets specify Rojc. The case temperature measurement pomnt is 
shown under “Mechanical Data’. Derating should be performed as outlined in SECTION B, Sale Operating Areas for 
Power Transistors, under ‘Temperature Derating for Continuous Operation”. This is necessary because Rg jc increases 
with increasing collector-emitter voltage. Depending on the transistor construction, there is an additional increase or 
decrease of Ag jc with increasing collector current. In applying the Safe Operating Area concept, Rg jc variations with 
Operating point do not have to be considered. 
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Casa-to-Heat-Sink Thermal Resistance—RocHs. 


ROCHS is a function of the following conditions: 
Torque applied to the machine screw or stud 
Use of thermal compound and type of compound 
Use of insulator and material of insulator 
Flatness ol device and heat sink 
Surtace finish 


Heat-sink material 


The effect of mounting torque as well as insutator material is shown in Figure 3 and Figure 4 for plastic transistors. 


PLASTIC PLASTIC 


REPLACEMENT REPLACEMENT tos 
FOR TO.66 FOA TO.3 i i 
aa H 
CASE-TO-HEAT-SINK THERMAL RESISTANCE CASE-TO-HEAT-SINK THERMAL RESISTANCE 
vs vw 


MOUNTING TORQUE MOUNTING TORQUE 


KAPTON INSULATOR 
(0.0021 Inb 


1.0 --- 1.0 TKAPTON INSULA 
WaiCaSUEAT "0.0021 In 
' 5 ' 
os z LATOR 


08 MICA INSULATOR 
\ {0.003 In) 


| | | 
0.4 - 
rs — 
- 
6-32 SCREW MOUNTING 
0 
12 14 


i i 

o 2 4 6 8 10 

Mounting Torque—in- Ibs Mounting Torque—in«lbs 
FIGURE 3 FIGURE 4 


(0.003 In} 


> + + 
OOW CORNING It COMPOUND 
6-32 SCREW MOUNTING 


Qo 2 4 6 8 10 #12 «14 


ROCHS—Case-To-Heat-Sink Thermal Resistance— CAV 
RocHs—Case-to-Heat-Sink Thermal Resistance—°C/W 
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Following 1s a table of RgCHs Using a mica insulating washer. The heat sink used to determine this value was a smooth, 
flat, copper plate, with the thermocouple mounted 0.05 inch below the mounting surface in an area beneath the device. 
The device was mounted using a 2-mil mica washer to a clean, dry, heat-sink surface, without the use of a thermal 
compound. A torque of ten inch-pounds was applied to the stud or to each of the mounting screws. 


PACKAGE | Rocus [CM] 


TO3 1.5 
T0.53 1.6 
T0-59, TO-60, TO-111 31.8 
TO-61 13 
70-63 im) 


By using a thermal compound, the above thermal resistances can be decreased more than 0.6 °C, depending upon the 
type of compound used. 


Case-to-Free-Air Thermal Resistance—Réca 


Roca 's more of a constant than RécHs because Raca is not dependent on so many variables, Most TI power device 
data sheets specify Ro ya which is Aaj + Reca. 
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FACILITIES AND EQUIPMENT 


A. LIFE TEST AND BURN-IN FACILITIES 


1, Texas Instruments Incorporated is equipped with extensive facilities to provide life test and burn-in capabilities for 
germanium power transistors, silicon power transistors, and thyristors. 


2. Facilities are available for a wide range of tests inctuding: 


a. Storage life testing up to 300°C. 

b. Voltage-temperature stress testing at both ambient and elevated temperature conditions. 

¢. Free-air operating for more than 20,000 silicon power and germanium transistors. 

d. Case temperature operating for 8600 silicon power transistors at dissipation levels up to 200 watts. 


e. Intermittent operating at various cycle times and power levels. 
B. ENVIRONMENTAL FACILITIES 


1. Test capahilities of the Environmental Laboratory are shown in two different ways. First, Military Standard Test 
Capability which lists capability per MIL-STD-202, MIL-STD-760, and MIL-STO-883 for each test category; and 
tecond, Overall Test Capability which lists capabitity limits and, where applicab!e, combined environment capability 
for each test category. 


2. Laboratory capabilities required for performance of tests per MIL-STD-202, MIL-STD-750, and MIL-STO-883 are 
listed in Table {. Those tests which are noted as exceptions are bayond the capability of the Environmental 
Laboratory. 


3. Laboratory capability limits, including limits of combined environments, are shown in Table || for each test 
category. 
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TABLE I—-MILITARY STANDARD TEST CAPABILITY 


[_tesrcatecony | ___mustome | ustovs0_—=«—~SiCie Seed 
Paine dA Conasvons | —_ANEondons | AN Conditions 
Poeweont PSS Concome «Coron 
[ Fiommapiey | antenavems PCr SCCCTCCCSC—SY 
[ Mowsture Revatance | al Conanons | AN €anaora____| An Gonaivona 
All Conditions 
{Symbobsation) 
Sa A RT 
[seu spay | ____aliGonainons | An Conaons PS 


*Seal, Gross Leas Al Gross Leak Cong:tions All Gross Leak Conditions AU Gross Leak Condstions 
(Method 112A, Congtons (Method 1071. Condoms (Method 1014, Conditions C 
A,B and Procedure IV of C,0,E & Ft & or 
Conation C Stethoa 1044. 
Conaitvons A.B & CD! 


Ail Conaivens 
SS 
Temperature Cycling Al Cong tons All Conditions All Conditions 


EXCEPT Steihod 107, Con EXCEPT NNetnod 1051, Con EXCEPT Mathod 1010, Con 
atonsO & F ditions D&E ditions E & F 


T nal Su ih 
erm iaceuend All Conditions All Conditions All Conditions 
(Lead Integtty? 


Thermal Shoca (GawSvem [_——SSSS—*d A Comer | All Condivors 


Acceleration, Sustained Ai Conastians All Cond:tions All Conditions 
(Centrifuge) 


EXCEPT Method 7001, Con 
-_ 


chivan J 
NOTE. © Method 2001, Con- 
dition G and H, may 
require special fixtur- 
J evibeatwon. Random Al Conons 
All Conditvons 


ing, Limited capabil- 
ity for these cond: 
trons «s available tor 
Seal, Fine Leak ONLY Method 1124, Cond: ONLY tethod 1071, Condi ONLY Method 1014, Condition 
{Radioactive Tracer Gast von C, Procedure U1 B on G only B only 
okey Fim 
oX-Ray, RealTime (Tv X-Aayi| A Condvons TA Concitions | All Conditions 


apecial package types. 
All Conditions 

NOTE Method 2002, Con. 

dition F and G, may 

tequre special fraiur: 


Ail Conditions 
EXCEPT ‘Method 213, Con- 
eitions B,C, G. J. 
ard K 


Iheve conditions 1s 
available for special 
package types. 


Usted. 

Alta parlorm mechanical shock per MIL STD 8108, 

“Alto pertarm random vibration and vibration variable frequency per PAIL STO 810, Method $14.1, Procedures f, U1, 111, IV, and VIL. Omit 
paragraph 4.5 1.1, Resonant Search, and paragraph 4.5.1 2, Revonant Dwell for Electronic Components 

©Copavility far testing approximately 15 mayor mucroaleciric package types per MAIL STD B83, Method 2001, Conditions G and H (suatained 
acceleration) and for testing approsimately JO major microelectronic packages per MIL STO 889, Method 2002, Conditions F and G 
(machanical shock! are presently avalablo These high G' level conditions ore used primarily for evaluation tests on small peckages auch as 

5 


nod 516, Procedures t, Hl and IV. 


cordance with many other govermant and customer specilic 
andarad with Components Group, mu 


ons. Uelore any new radiographic 
be approved by Environmental Laboratory. 
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TABLE I1—-OVERALL TEST CAPABILITY 


TEST 
Acceleratson, Sustained (Centrifuge) 
Afttutude (Barometric Pressure, Reduced) 
Cryogenic Exposure 
Dew Pont 
Flammability 
Morsture Resistance 


Radiographs Inspection (X-Ray) 
Film 


Real Time 
Salt Atmowhere Spray 


Seal 


Gross Leak 


Rodoutive Tracer Gas 


Symtolation (Rewstance to Solvents) 


Chowk (lechanic al) 


Se'derability/Soldering 
Teperoture Cycling 

Terminal Strength (Lead Integrity) 
Thermal Shock 

Ulteazonies 

Ultraviolet Exposure 

Vibration, Fatigue 

Vibration, Random 


Vibration, Variable 


CAPABILITY 
50-50,000 9 (Standard) 
50,000- 100,000 9 {Nonstandard} 


450,000 ft. Simulated Altitude with —175°C to 125°C Capability 
-75°C to -- 196°C 

-65°C to 150°C 

900°C to 100°C 


ZC ta 9 C. 40% to 100% RH 


Resolut.on te 0.001 Inch, 160 kV-5 mA 
360" Rotaton- Rewiution to 0.001 Inch 


25°C to 71°C, Up to 20% Sait Solution by Weght 


>§X 1076, 150°C, Fiuorocarbons, Mineral Oils, Ethylene Glycol 
Hydrostatic Pretwre—O 300 pag 


aixio7 


PULSE SHAPE-APPROXIMATELY 
HALF.SINE 
1,00-30.000 ¢ @ 0.2 ms : 0.1 ms 
1,000-6,000 9 @ 03 rms + 0.1 ms 
500-10.000 9 @ 0.5 ms + 0.15 ms 
$00-4,000 9 @ 1 ms: 0.3.ms 
500 & 1.0009 @ 1.5 m1 0.45 ms 
1,800g@3ms:06ms 
50-1009 @6ms + 0.9 ms 
50-2009 @ 7 ms: 1.05 ms 
1S 1509 @ 11 m1: 1.65 ms 


PULSE SHAPE-SAWTOOTH 
1009 @6ms 


Up to 780°C 

— 185°C to 300°C 

Lead F atque, Tention, Stud Torque, Terminal Torque 
—196"C to 200°C 

0-100 pst at 25 KH or 40 KHz 

To 12.5 mWicm? 

10100 Hr, 5709 

20-200 Hz, Power Density 1.3 92/Hz 


$2,000 Hz as Limited by 1 Inch OA and 60 Inches/Second Veloc- 
}, 70-100 9 (Nonstandard) 
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RELIABILITY DATA 


The reliability data in this section covers a cross-section of device types included in this data book. The data is broken 
down into four major sections: 


Siiicon Power Transistors 


Thyristors 


Single-DiHused Plastic Power Transistors 


Silicon Power Transistors 


2N1949A, 2N1050A 


STORAGE: 700°C 
OPERATING: Vee « 40V. Po 23. To> 100 C 730,089 


PARAMETER CONDITIONS 


I 
‘cao i¥ea * 2GV 


bre i¥ce © (OV. 4g ~« S00mA 


sD 
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F.A. x 10-5 
TES 60% CONF. 


STORAGE. 200°C a 


OPERATING: Vce = 40 V, Pr * 30W, Te 100°C 159,000 


PARAMETER 


ViBAICEO 


DEVICE FLA. x 10-5 
FAILURES 
HOURS 60% CONF. 


(STORAGE 200C 


CPERATING: VcE - 20V. Pr = J0W, Te= 100°C 


2N2680 (BURNED-IN FOR 168 HOURS) 


944,000 3 itcao) 
2 
(1 Icgo) 


(1 tego) 


INITIAL LIMITS POST TEST LIMITS 


FLAK 10-5 
60% CONF. 
STORAGE 200 a ee 


i 
i 


GPEHATING Vee ~ 20V, P+ JOW, Te = 100°C 


PARAMETER CONDITIONS 


| oues | Fanunes | 


F.A.xX 10-5 
a 
[ase200 [i tices! [oY 


6G 100°C 


CONDITIONS 


Vice * GOV 
Ves 57 


¥(8RICEO 
hrE 


Vee IsV.le~2A 
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2N1722 
F.R. x 10-5 
ae eee ee ee 
STORAGE: 200 C , (2 ec 
(1 Ices) 
2 
( lego) 
(1 legs) 


OPERATING. VcE* 10V. Pc: SOW. TC * 100 C 


PARAMETER CONDITIONS 


"E80 [Veg- SV 
ViBRICEO [ic + 200m 
TRE Vee 1SV.IG7 2A 


STORAGE: 200 C 
2N3420 Veg: 40V.P7-1W 


2N3421 Veg GOV.Py > IW 


2N3420 AND 2N3421 (BURNEO.IN FOR 168 HOURS) 
FLA. XK 10-5 
ee 
3 
STORAGE: 200 C 1,360,860 (1 ovsit 
(2 Icex) 
eines menvencemcryeme | Pte | 


OPERATING 


TRITTAC CIM [Post Tesrimirs | 
Sananeiin SDublheIa 


2N. 
ViBRICEO Tay "c+ 50mA 


1 O/S designatas open oF shoried 
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meer ees 


STORAGE. 200°C 


OPERATING: Vcg - 20V. Pr = 30W. Te 100°C 162,000 


FLA. x 10-5 
[ ranunes | em cone 
eof 1s [| oo + 


| Viariceo 
jel 


PFE 


STORAGE 


200°C 


OPERATING Vcg 40V.Po+ OBW 


CONDITIONS 


Vee = 60 a ee 
es 


INITIAL LIMITS POST TEST LIMITS 


: ESTE AC @v [ev 

MCE SO Tantaabors | eee a 
INIA. § a a ee 

hy Vee 5v.l 200 mA 

iG ce eae Cs 


STORAGE 200 C 


1O/S designates open of shorted. 
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2N389 AND 2N424 


i HOURS 60% CONF. 


PARAMETER CONDITIONS 


Vv le +20m4 PR 7OH 
(BAICEA a2 ie.7 40m BE 


c* Veet 1S V 
lig + 1A. Wce + 15 


2N497, 2N398, 2NG6S6, ANO ZN657 


T bevice 


yest Hours 60% CONF. 
2 
STORAGE: 200 C "1 Icpo! 0.33 
(1 Vipriceo! 


| 
OPERATING: P= 08, Ta* 25 C | 


2N4D7, ENGSS [Vag > SOV 
ua9B, 2NBS? [vcg 2a 
2NAQ7, 7NESE | 
7 2 1OV, le * 28, oT 
page, anse? |" cf | (OV. 1c* 20° 
% 2N497, 256 | 
(8RICEO [398,657 


CONDITIONS 


Thyristors 


2N3557 


F.R. xX 10°95 
60% CONF. 


POST TEST LIMITS 


VWG* OV, RgK ik 
Va GvIg Oo 


Vase SV, PL 12% 
Pak tka, A, «120 
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23002 


DEVICE FLA. xX 10-5 
FAILURES 
HOURS 60% CONF. 


dean —_ 7 i 7 aa : 


ieee es Te 


WES eel 
TEST 


DYNAMIC OPERATION Iq(ay) - 250A, VonM ~ 100 V, 
Ta «25°C, ft" 60H 


—— 
PARAMETER 


INITIAL LIMITS 
a Ee ee 


CONDITIONS 


Vp SOV, AgK 1k, AL? 2k 
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Single-Diffused Plastic Power Transistors 


TIP29-TIP32, TIP41, TIP42 


BACKGROUND 


Texas Instruments continuing Plastic Single-Duitlused 
Rehabiity Program, an evaluation program for plastic 
power devices, has resulted in lowenng device tadure rates 
All devices uGhized in the relabiits program ere standard 
product “ult-the-shel!” devices which have teceved no 
special serening ur clecttical texts Since sterling the 
tehiability program we have Stated over $00,000 ectuul 
hife-test hours Over 1S .UU0 devices have undergone lesting 
in the rehability program. Failures are based on leakage 
grealer than twice the dats sheet Laut, bpp vetyde data 
sheet limits by 207. or VCE( ary above data sheet limits. 
For the test environments listed below. MIL-STD.750 was 
used as the applicable test specification. 


1.) Mechanival Shock. Method 2010 

2. Vibration, Variable-Frequency, Method 2056, 

3 Constant Acceleration, Method 2006 

4. Thermal Shock, Method 1056, Cunditiun B 

8. Temperature Cycling, Method 1051 

6. Morsture Resistance (non-operating). Method 
1021. 

7 Humidity with Bras, Ta = 85°C, RIL = 85° 
Vers = 45. 
Humidity Ta = 65°C, RI = 100° 
Pressure Cooker, Ta = 121°C. 35 psi. 

10. Soldersbilty Method 2026 

11. Salt Aumosphere. Method 1041 

12. Terminal Strength. Method 2036, Condition A 

13 Storage Life. Method 1032, Ta = 150°C 

14. Opersting Life, Method 1026. Ta = 25°C. P = 2 
watts 


15. Intermittent Operating. Method 1037, 
STc = 60°C, P= 18 watts, § minutes on, 5 
minutes off. 


LIFE TEST EVALUATIONS 


Test devices employed in this evaluation were 
subjected to operational. intermittent’ operational, and 
storage life test conditions that were selected to 
demonstrate device capability in excess of normal operating 
requirements. The operating life test circuils used for 
testing power devices are in the parallel, common-base 
configuration Voltage 1s applied collector to base. 


A resistor isin wnes with the enntter, dropping at least 10% 
of the collector base voltage to set the emitter current. For 
Mlermilleat operating tests, the ame circuit is used with 
the power being interrupted at specific time intervals. 


Table 1-1 
Summary of Life Testing for NPN Devices 


— 


Test 
Description 


150 C Storage 


25 C Operating 


Table 1-2 
Summary of Life Testing for PNP Oevices 


lure Aste X1079 
Failures] Point Est. 60% Conf, 


Test of 
Description 


Device 
Devices | Hours 


Table 1-3 
Summary of Intermittent Life Testing 
For NPN Devices 


Test 
Dexceprren 


4 60 C Interm 


Operating 


ENVIRONMENTAL TESTING 


Environmental evaluations are performed on power 
devices in urder to establish capability for the mechanical 
and theimal stresses considered to be standard in the 
electronics industry. Sequential or step-stress testing 1s 
likewise employed to demonstrate package reliability in 
excess of standard product requirements. A brief 
description of test procedures follows: 


ON EEE 
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TEXAS INSTRUMENTS 


QUALITY AND RELIABILITY INFORMATION 


PRODUCT RELIABILITY DATA 


1s 


Mechanical Shack Performed trom 1500 g to 
6UOD gin thie ofentstions for O2ms to 
OSims duration 5 blows:plane, 15 blows total 
(hon-opersting) 


Vibration, Varuble Frequency Performed 
trom 20g to 60g an three onentations at 
tuv tty to 2000 14 (nun-operatings 
+ sweeps plane, + minutes weep 

Constant Acceleration Performed from 
0.00Ue to 40000 ¢ In IN ONentations: J 
minute plane 


Thermal Shock Performed from 0°C to 100°C 
for 80 oseles EXtreme times are § minutes with 
2 Msrvimaty transter tine of 10 seconds Liquid 
te hquid 


Tempecataure Cycle Performed from 
o£ C10 150 C ror 100 eveles. Extreme times 
ate SU minutes well at mgximum transfer time 


oF S minutes 


Temperature Cyete Performed = from 

88°C to 128°C for 15 cycles. Extreme times 
are LO nmputes with a maximum transfer time 
of § minutes. 


Ihermal Shock — Performed in freezer at 
400°C and boing water Extreme times 
ate WO mumutes with immediate transfer. 


Power Surge Performed by storing at 

15°C for 20 minutes and then applying 
maximum cated power for | minute 
Total of 1S cycles 


Humidity Performed by placing devices 
in humidity chamber at 40°C with 95% 
relative humidity for 96 hours 


Mousture Resistance Performed in a 
non-operaling state with the preconditioning 
omitted Temperature cycling chamber 
conditions: 

25°C for 5 hours. 

65°C for 5 1/2 hours. 

Chamber maintained at 90 to 98% rela- 

tive humidity, --10°C chill excursion on 

all test cycles. 
Humidity with Bias Performed by placing 
devices in humidity chamber at 85°C with 85% 
felative humidity for 200 hours. A VcEs of 
45 V is applied to cach device 


9. Humidity Performed by placing devices in 
humidity chamber at 65°C with 100% relative 
humidity for 200 hours. 


10. Pressuse Cooker - Performed by placing de- 
vices in sealed chamber with 100% relative 
humidity at 121°C. Aur pressure applied at 15 
psi over atmosphere. Test repeated in 8-hour 
increments. 


tl. Solderabihty - Performed by dipping leads into 
type-W flux at 25°C to within 0.05 inches of 
case fur a period af $ to 10 seconds. Leads then 
dipped in molten solder at 230°C + 15°C to 
within OOS inches of case at rate of 
[= 14inches per second for a period of 
5 2 L:2 seconds 

12 Sait’ Atmosphere Performed by exposing 
devices 10 35°C fog environment. Test dura- 
tion. 72 hours (initial conditioning omitted). 
DC electrical test and visual examination end- 
points. 

13. Terminal Strength —- Performed by attaching a 
S-ounce weight to each external lead at a 
distance of 1/16 inch from case.A force is 
applied once in each of the 2 mutually perpen- 
dicular directions (90° + 10” 0°) Test dura- 
tion. 3 bending cycles 


SUMMARY 


The Plastic Single-Diffused Reliability Program was 
designed to establish reliability data for encapsulated 
devices for commercial and consumer applications. The 
results of the (ests show that these devices can also be used 
in military appheations 

To obtain this objective over 15,000 transistors have 
undergone tests. Over $00,000 life-test hours have been 
accumulated. Detailed results have been listed in this report 
with summaries of the test procedures and conditions. If 
further information is requited, please contact your nearest 
TI sales office or address inquiries to Texas Instruments 
Incorporated, Quality Reliability Assurance, Power Dept.. 
Mau Station 2. P.O. Box 5012. Dallas, Texas 75222. 
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QUALITY AND RELIABILITY INFORMATION 


PRODUCT RELIABILITY DATA 


Table 2-1 
Summary of Mechanica!-Stability Testing for Both 
PNP and NPN Devices 


| ns T ee an 
Tes | Number of 
No. Test Description | Devices » Failures 
a 
aE Mecnenica’ Smock ! { 
1500 5, 05 ms 74 ar.) 
| 3209 ¢,0.5 ms 24 | ft) 
1 6000 ¢, 03 ms 28 a) 
Vipraton, Var Frea | 
} 209 ' ec o | 
! 309 25 ° | 
| 409 ' 25 : o 4 
| 509 6 (i) 
| 699 2s ° 
(3) | Constant Hece eration 
1 10.000 g 24 i 9 
1 18.060 ¢ i 24 {9 
20 000g i 24 0 
32.000 9 ! 28 ° 
40.090 g : 0 


OTE Sreessng if acm category 4 pesuerntiss For example. 


me desces 4 


sea_cn thoce af 60064 ere ore 
stressed on smote a1 ISO g 


Table 4-1 
Summary of Humidity Testing for Both 
PNP and NPN Devices 


Test Description Failures 


Me wture Resnance 


10 cycies ; 2 
20 cycles 25 
30 cycles 25 
18) )) Humidity with Bias $0 
—|_ zt 
(9) Humidity 50 


Pressure Cooxer 


B hours 275 
16 hours 25 
24 hours 7 


32 hours 


“ICES talure, read 423 yA, lima is 400 A, 


Table 3-1 
Summary of Thermal-Stability Testing 
for Both PNP and NPN Devices 


Test: Number of 
No. Test Description Devices Failures 
14) | Trerma’ Shock (0 C 10 +100 Ci 
\ 10 cycles 25 i+) 
: 1 20 cycies | 25 tJ 
| 20 cycles ' 25 0 
| 40 cycles | 25 | 9 
50 cycles i 2 | OO 
ae 
| 'S) | TempCyele!-65 C10 +150 C) + 
| 50 cycles 15 ta) 
100 cyctes 79 i) 
| gestae 
16) | Envwonmental Text Seauence i 
Temperature Cycle 15 H () 
Tnermal Shock » ! Oo 
Power Surge 15 0 
Rumeliy i) o 
a ee ee 
Table 5-1 


Summary of Solderability, Salt-Atmosphere, and 
Terminal-Strength Testing for Both 
PNP and NPN Devices 


(11) | Solderability 


Ese 


fo wal | 


*For salt atmosphero, 0 visual failure is for marking and 8 mechenical 
failure is for corrosion, 
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PRODUCT RELIABILITY DATA 


Advanced new design for greater reliability : 


SOLDER CLAD. COPPER LEADS FACILITATE 
SOLDERABILITY. 


PLASTIC CAP AND EPOXY FILL ARE FEATURES 

OF THE NEW DESIGN WHICH AESULT IN AN 
UNSTRESSED INTERNAL CONSTALCTION WITH 
ALL LEADS LOCKED SOLIOLY INTO THE PACKAGE, 


PINNED AND SOLDERED COLLECTOR LEAO 
ELIMINATES INTERMITTENT COLLECTOR 
LEAD PACOLEMS. 


GLASS PASSIVATED CHIP IMPROVES MOISTURE 
RESIST ANCE, PROVIDES LOWER LEAKAGE AND 
GETTER STABILITY. 


ALL-SOLDERED CONTACTS INCREASE LEAD 
CONNECTION MELIABILITY BY IMPROVING 
RESISTANCE TO THERMAL SHOCK AND 
VIBRATION, 


NICKEL-PLATED, COPPER HEAT SINK IMPROVES 
THERMAL SINKING CAPACITY, 
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Silicon Power 
Data Sheets 


SILICON POWER TRANSISTORS 
STANDARD TEST CIRCUITS 


The circuits shown below are used to test many of the silicon power transistors manufactured by Texas Instruments. 
They are taken fram the forthcoming JEDEC publication Suggested Standards on Power Transistors. 


INPUT 
@ MONITOR 


OUTPUT 
MONITOR 


OuTPUT 


ADJUST FOR 
SPECIFIED Von AT 
INPUT MONITOR 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES A Voun ya 30 V puta (trom 0 V) into @ 80-22 terminanen. 
TH The Veen waveform is suppted by a generator with the following characteristics. y S15 M8, 7 S 15.98. Zou, * 50 RN ty = Sw, 
duty cyclo tt 
VWiaenfoemns ate monilored on an ocsilloscape with the following characteristics: te S10 94, Ain > 1 MM, Cy, 11.5 pF. 
Nestor must bo noninductive typos. 
Tha dc power supplies may require additional bypassing in order to minimize ringing. 


wmoa 


Circuit shown 1s for testing apn transistor, For pap tranustors, all voltege supplies end waveformn are revered and the driver 
Iranuistor os type 2N6128. 


FIGURE 1—SWITCHING TIMES 


Vce MONITOR 
-a hom ty, (See Note A) 


INPUT 9 
VOLTAGE , 
a 100 ms 
0 = 
coutecroa'™ 
CURRENT 
0. 
I¢ MONITOR Viericex—l- —S----- 


covtecron | 
VOLTAGE t 
1 


vec 
Veet) ———”—- — —— —- 


TEST CIRCUIT VOLTAGE AND CURRENT WAVEFORMS 


NOTES: A. Input oulss width fn iner 
8, Circult shown is for teating a p-n transistor. For p-n-p tra 
transistor 19 type 2N6128. 


od until the peak collector current reaches the specified value of tom, 
ors, all voltage supplies and wavelorem are reversed and the driver 


FIGURE 2-INOUCTIVE LOAD SWITCHING 


|e Sa OS 


TEXAS INSTRUMENTS 2-3 


STANDARD MOUNTING HARDWARE FOR POWER TRANSISTORS 


This dato sheet identifies those standard hardware kits which are supplied with each device. At additional 
cost, nonstandord hardware items wili be supplied. 


The mounting hardware assembly drawings of Section A (Figures 1 through 8) specify the individual hard- 
ware items thot are included in each mounting hardware kil. Section A also references the package 
outlines for which eoch kit is designed ond shows the typical thermal resistance associoled with the 
mounting hordware. 


Section B contains mechanical drawings of the individual hardware items thot ore referenced in Figures 1 
through 8. 


DIRECTORY 


ce 
[moss —“(t‘“‘i‘ir CS 

10.39 | 1 | 
[toss SC—CSCS | 
[tos7 tt Cts—‘“‘L Cd 
[toss tC tC—“‘zL 
a 
[roe Unites _—SSC~dCCC*d 
a Be 
| TO-WW1Unisolated 2 
[to1thowes ——SS=~id—i 


Tange Lastrements reserve the right te sebstitele tieior gertt ol ony Ime ia cedar le enpedite delisery or ieproce design. 


an al 
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STANDARD MOUNTING HARDWARE FOR POWER TRANSISTORS 


SECTION A — MOUNTING HARDWARE ASSEMBLY DRAWINGS 


Item 1 —Cextimium-Plated, Berylllum=Copper 
Alley-25 Mounting Clamp, Dwg. 10-31-052-007 
MOUNTING KIT 1 
for 
10-5, TO-33, ANO TO-39 
PACKAGE OUTLINES 


Chassis or Hoot Sink 


piouRs 1 


MOUNTING KIT 2 
tor 
TO-111 AND OTHER 
7/\6-INCH STUD PACKAGE OUTLINES 
(INSULATION REQUIRED) 


t F 
item 10 — Teflan'Insvlator Sleeve, 
Dag. 10-41 -024-008 SD) - 
Item 6 — Mico Inwloting Washer, 
Owg, 10-31-188-018 
| 


Chamslt or Heat Sink 
Item 6 — Mica Inslating Washer, 
Owg. 10-31-188-018 
Item 17 — Codmium-Plaied, Chromate-Treated, 
Carbon-Stee! Fiat Washer, Dwg. 10-31-188-040 


ttem 20 — Cadmium-Picted, Chromote-Trested, 


oe sie [TYPICAL THERMAL RESISTANCE 
Owg. 10-31-152-005 


Item 25 — Cadmium-Plotes, Chromate-Treatad, 
Carbon-Steel Hex Nut, Dwg. 10-31-036-009 deg/W 
FIOURE 2 


te rhe wountiog wecfece of the boot slat. The beat slat cred te 
lech Dolew the mevntiog satece in om oroa bemveth Ibe device. 
dvtectly to @ cleaa, dep, Reot-slad serfece, wilbeot Ihe eis of a thermal tompennd ond @ lesque of Ian lach-pavads wor opplied to 
jock of the méontlag wtews. 

$ Vedemat of EL dePeat 


TEXAS INSTRUMENTS 


STANDARD MOUNTING HARDWARE FOR POWER TRANSISTORS 


SECTION A — MOUNTING HARDWARE ASSEMBLY DRAWINGS 


MOUNTING KIT 5 
for 
10-41 PACKAGE OUTLINE 


| tren 9 —Fivedfil § Nylon 


G-J Inwistor Sleeve, 
tem 7 — Mica Inulating Wosher 


Dep 10-31-116-001 Be) 
Deg. 10-31-199-001 


£) ; Chossis or Heat Sink 
ree 7 — Mica Inivtating Wosher 
Deg. 10-31-190-001 
Wer 18 — Bight-Nicael-Plated, Carbon-Steel 
Free Worher, Deg. 1G-21-150-005 TYPICAL THERMAL RESISTANCE 


Item 22 — Sright-Nicael-Piated, Corbon-Stee! 

Intema!-Tooth Lock Washer, Deg. 10-31-152-017 Bons 13 deg /W 
len 27 — Bright-Nickel-Pored, Brow ; car 
Rew Nut, Deg. 10-31-€06-016 FIGURE 5 


MOUNTING KIT 6 
for 
10-63 PACKAGE OUTLINE 


Hem 1} — Fibedil§ Nyton 
G-Birsviaror Sleeve, 
Deg. 10-31-116-003 


SS) item B — Mico Insulting Washer, 
Dag. 10-31-199-002 


} Chesis of Heat Sink 


8 NV 
®) Item 8 — Mico Insulating “other, 
Deg. 10-31-199-C02 
lem 19 — Bright-Nickel-Ploted, Corbon-Steel 
Flot Youher, Deg. 1C-31-150-C04 TYPICAL THERMAL RESISTANCE 
Wen 73 — beight-Nickel-Fiated, Corton-Sesl 
lntemel-Tooth Leck ¥osher, Deg. 10-31-152-016 4 


Hen 28 — Wight-Niczel-Ploted, Bras 
Mex Nut, Deg. 10-31-036-015, 


“4 


I the seencendecter-desle 


she thermscoepls wesated 


Te ated of cork of the woweting wees. 


QTeadewern of Coser Plastitt 
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STANDARD MOUNTING HARDWARE FOR POWER TRANSISTORS 


SECTION A — MOUNTING HARDWARE ASSEMBLY DRAWINGS 


MOUNTING KIT 7 


for 
TO-3 PACKAGE OUTLINE 


x Wren 5 -- Mico Inwictor, Dag. 10-21-074-008 


TYPICAL THERMAL RESISTANCE 
6e.ns 1B} deg/W 


Item 15 ~~ Vulconized-Fiber, Insulating Shovider svacher, Deg. 1C-31-188-122 


Chassis or Heat Sink 


FIGURE 7 


MOUNTING KIT 8 
for 
10-59, 10-60, TO-111, AND OTHER 
7/\6-INCH STUD PACKAGE OUTLINES 
Pe.) (NO INSULATION REQUIRED) 


i) Chassis or Heot Sink 
a 
2) 
Ine 17 ~ Cadmium-Ploted, Chromate-Trected, 
Carbon-Steel Flot Wother, Dwg. 10-31-188-040 
Item 20 — Cadmium-Pigted, Chromate-Treated, 


Corbon-Steel, Internal-Tooth Loca Wether 
Deg. 10-31-152-006 


tem 25 — Cadmium-Plated, Chromate-Trewted, 
Carbon-Steel Hea Nut, Deg. 10-32-C6-007 


FiouRe 


TEXAS INSTRUMENTS 


STANDARD MOUNTING HARDWARE FOR POWER TRANSISTORS 


SECTION B— MECHANICAL DRAWINGS OF HARDWARE ITEMS t 


0. 184 
0.017 : 0.445 a1 BIA 


70° TYP 0.10 


Bom 
ies 
5.07% 


— 
0.089 , t 
. 0.255 
oon L 
0,151 
Tat 
MOUNTING CLAMP INSULATOR 
trem 1 Hem 4 


INSULATOR INSULATING WASHER 


hea 5 Item Se 


1 All dimensions ere In Inches unless otherwise specified. 
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STANDARD MOUNTING HARDWARE FOR POWER TRANSISTORS 


SECTION B— MECHANICAL DRAWINGS OF HARDWARE ITEMS Tt 


INSULATING WASHER INSULATING SLEEVE 
Item 6 they 8 tem 9 thew 12 


Cc 
- 1A 


A 
DIA 1A 


DIA 
F RAD o c Le. 


Cla 
Pe | ta | sm | 

8 0505 5 
Tee i ee 
0.040 | 0.200 | 0.144 aa [oe aay . oa oa 
0.020 | 0.190 | 0.280 . . 
iim Live] ™ | sot) aa 
0.740 0.051 

INSULATING SMOULDER WASHER FLAT WASHEA 

Items 13 ond 13 ltem 16 they 19 


1 All dimensions are In inches uniest otherwise specified 
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STANDARD MOUNTING HARDWARE FOR POWER TRANSISTORS 


SECTION B— MECHANICAL DRAWINGS OF HARDWARE. ITEMS t 


8 1 jt 
DIA lll A 


aaj ee | 


2 SIDES 

Item | a | B oe] _Uem n | Thread ae a rn 
20 208 | 0.361 | 9.025 5 | 108 0.375 oa “0130 [oe 
0.195 yo 0365 | 0070 [ y uNr2B | 0.362 | 0.419 | 0.n7 | 
2 0.130 | a | a |S ieee 209 | 00% | so 
mi |! cE "| une2a8 | 024 | 0275 | 0.087 | 
2 ons | eee i ay | 1/428 | 0.498 | 0.506 | 0.193 | ape 
Ee ee ; | une-28 | 0.473 | 0.488 | 0.178 
2 | ee | oat | jm [se za] 0563 | 0450 | 0275 | oj 
{| * | une-2a | osss | 0629 | 0208 |: 


INTERNAL TOOTH LOCK WASHER 


Item 20 thry 23 HEXAGONAL NUT 


Wem 25 they 28 


1 All dimensions are in inches untess otherwise specitied. 
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JOA INSTRUMENTS RESCRYIS THE RIGKT TO MAKE CHANGES AT ANY Tad 
IM ORDEN 10 IMPROVE DISIGH AND TO SUPPLY THE BIST PAQOUCT POIMNE 


BD135 
NPN EPITAXIAL PLANAR SILICON TRANSISTOR 


1171 


OESIGNED FOR COMPLEMENTARY USE WITH BD136 


Driver Stages 

Active Convergence 

Control Circuits 

Switching Application 

Prot = 6.5 W at Te = 60 OC 
hee > 40 at lc = 150 mA 
VecE (st) < 0.5 V atic =O0O.5A 


These components are tested according to the appropriate test method of MIL-STD-750. By special agreement, they can 
also be tested additionally to MIL- or DIN-specifications. 


mechanical data 


143 mn 


Transistors in SOT-32 package can also be supplied with mica insulating washers or heat sinks for 1.5 up to 2.5 Watts. 
Separate datasheet available. 


absolute maximum ratings at 25 °C free-air temperature (unless otherwise noted) 


Collector-Base Vollage . . . . oF neh we ulsoy 3 ES ears ei aaa a ee 
Collector-Emitter Voltage (Sec Note 1) be OSs ees. a Aaa eye hn cane ot ad tof tes Bos, 26 1M 
Emitter-Base Voltage | ww ee SV 
Continuous Collector Current... we ee ee ob Mecano th Pale ge qth Sn de We WE Se 1A 
Peak Collector Current. . . ee A ak ae BA 
Continuous Device Dissipation at tor betow) 25 oc ‘Free-Air "Temperature (See Note 2) tot head. nde doe go IW 
Continuous Device Dissipation at (or below) 60 OC Case Temperature (See Note3). 2. . - . . . . . - BSW 
Storage Temperature Range . . . deni oe soe ee et ee ew . 85 OC to 125 0C 
Lead Temperature 1.6 mm trom Case 3% 10 Seconds . se ae thas ME Na) tay Ga aA ae aa ete rap Se Chie: ZOOS 


the tase emitter Gods 1 open cHcurted. 


PRELIMINARY DATA SHLET 


Sugpiementary dale may be 
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BD135 
NPN EPITAXIAL PLANAR SILICON TRANSISTOR 


electrical characteristics at 25 °C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN MAX UNIT 
VipAiceo Collector Bax Breakdown Voltage t¢ = 100MA, tg = 0 45 v 
VIBRICEO Collector-Emitier Breakdown Voltage fe » 20mA, Ip 70 See Note 4 4s v 
ViBRIEBO Emuiter-Base Breakdown Voltage te © TOMA, Ic = 0 5 v 
IcBo Collector Cutolf Current Voge 20V.  ig- 0 100 nA 
nee Statec Forward Current Transfer Ratio ee ; v ic 3 Bees ae 5e5 

Vee > 2Vv. Io - 500 mA 25 

Vee Base-Emutter Voltage Vce-2V. Ic = 500 mA 1 v 
VCE (eat) Cotlector-Emuter Saturation Voltage Ig = 50 mA, Ig + S00 mA 0.5 v 
ad Transition Frequency Vce - SV. Io 50mA t+ 20 MHz 50 MHr 


NOTE: 4. Tneve paramciers must De meatwred UE] Durte 1echNQuEs to * JOO Ms, duty cycle 2% 
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BD136 
PNP EPITAXIAL PLANAR SILICON TRANSISTOR 


1971 


DESIGNED FOR COMPLEMENTARY USE WITH BD135 


Driver Stages 

Active Convergence 

Control Circuits 

Switching Application 

Piot = 6.5 W at Te = 60 OC 

hee > 40 at Ic =-150 mA 

VceE (sat) < 0.5 V atic =-O0.5A 


These components are tested according to the appropriate test method of MIL-STD-750. By special agreement, they can 
also be tested additionally to MIL- or DIN-specifications. 


mechanical data 


' 
4 
a 
c 
8 
° 


All Gamensions are in mm 


Transistors in SOT-32 package can also be supplied with mica insulating washers or heat sinks for 1.5 up to 2.5 Watts. 
Separate data-sheet available. 


absolute maximum ratings at 25 °C free-air temperature (unless otherwise noted) 


Collector-Base Voltage. . . . Be Se fon Oe Ae Xe. at en) ge alee AS gh! BAS my, Pe te -45V 
Collector-Emitter Voltage (See Note mi Poke DU wen te Sno Ge cy Grete gay es Tes ee ate 45 Vv 
Emitter-Base Voltage 2 1. ww ee -5V 
Continuous Collector Current 2 we -~1A 
Peak Collector Current... soe ee ew ee TEA 
Continuous Device Dissipation at ‘tor below) 25 oc Free-Air “Temperature (See Note ‘oy $5 AO oh AEG a) Ww 
Continuous Device Dissipation at (or below) 60 OC Case Temperature (SeeNote3) . . . . . . .. 65W 
Storage Temperature Range . . . we ee eee we we BS 9C to 125 96 
Lead Temperature 1.6 mm from Case tor 10 Seconds . oe ee we ee ee ee ew (26006 


MOTES 1. This value apples when the base emitter diode is opencicuited. 
2. On S100 °c/w 
a, Oye 10 CCW 


a TEES 


PACLIMINARY OATA SHEET: 
Supplementary data may be 


publnhed ot 3 tate: date. TEXAS INSTRUMENTS 2-13 


BD136 
PNP EPITAXIAL PLANAR SILICON TRANSISTOR 


electrical characteristics at 25 °C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN MAX UNIT 

ViIBRICBO Collector-Baze Breakdown Voitage tgs -100HA, ig 0 45 v 
VIBRICEQ Collector-Emutter Breakdown Voltage I¢ > -20mA, Ig O See Note 4 -45 v 
ViBRIEBO Ernitter-Base Breakdown Voltage tes -10pA, I¢-0 “5 v 
Icgo0 Collector Cutoff Current Vep- -30V. Ig - 0 -100 nA 
bre Static Forward Current Tearsier Ratio Vce=-2¥.  I¢--SmA 25 

Voce" -2V. Ics -180mA 40 0250 

Vee + -2V. Ic -500mA 25 
VBE Base Emonier Voltage Vee" -2V, I¢ « -500 mA -1 Vv 
VCE (e310) Collector-E mitter Saturation Voitage igs -SOmA, Ic = -SOOmA O5 Vv 
ty Transition Frequency Vee -5V.  I¢+ -SOmA, t= 20MHz 50 


NOTE 4. There parameters mast De Mestsrer 4447 Duite techs aver ty - JOO ps, duiy cycle G2 
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BD137 
NPN EPITAXIAL PLANAR SILICON TRANSISTOR 


1171 


DESIGNED FOR COMPLEMENTARY USE WITH 80138 


Driver Stages 

Active Convergence 

Control Circuits 

Switching Application 

Prot = 6.5 W at Te = 60 OC 
hee > 40 at Ic = 150 mA 

Uce (sat) < 0.5 Vatlc =O.5A 


These components are tested according to the appropriate test method of MIL-STD-750. By special agreement, they can 
also be tested additionally to MIL- or DIN-specifications. 


mechanical data 


Cm tter 


C 


Corecior 


Al dmennons are inimm 


Transistors in SOT-32 package can also be supplied with mica insulating washers or heat sinks for 1.5 up to 2.5 Watts. 
Separate data-sheet available. 


absolute maximum ratings at 25 °C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . . Ae Da Gy, pak oe GE oe r : ere a 60V 
Collector-Emitter Voltage (See Note mt 2 ‘ oa Verse” ek eb Se ascend dhe fest ye oe.) #OV 
Emitter-Base Voltage . . . . . et Pat er ee a ee ee ee ee doghdt 5Vv 
Continuous Collector Current 1A 
Peak Collector Current. . . Oa, Teas della. Stes en ey ee A 
Continuous Device Dissipation at (or below) 25 oc ‘Free. Ait "Temperature (See Note 2) he es Be 2) 1W 
Continuous Device Dissipation at or below) 60 OC Case Temperature (See Note3). . . . . . . . . . GSW 
Storage Temperature Range . . . ha ed Bi eee ee wes 55 OC to 125 06 
Lead Temperature 1.6 mm from Case for 10 Seconds . er sere 42ers ad Ma a Awa ee Ss 4 2BO-OCS 


MOTES 0. Thea eater antes when the base enitler diodes 13 open Cucuited 
2 Oa +900 SC/w, 
3. Oe “10 SCrw, 


a TY 


PRELIMINARY DATA SHEET 
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BD137 
NPN EPITAXIAL PLANAR SILICON TRANSISTOR 


electrical characteristics at 25 °C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN MAX UNIT 

ViBAICBO Collector-Bate Breakdown Voltage Ig = 100 pA, Ie #0 60 v 
VIBRICEO Collector-Ertier Breakdown Voltage le = 20maA, Ig -O See Note 4 60 v 
ViBRiEBO Emmer-Bare Breakdown Voliage le = 10 yA, Ic -0 s v 
IcBo Collector Cutof! Current Vep730V. Ig -0 100 nA 
nee Stance Forward Current Transter Ratro Voe+2v. I¢ = 5mA 25 

Vce22V. Ic + 150mA 40 160 

Veer 2V. Ie = 500 mA 28 
VBE Base Emitter Voltage Vee *2V. 1¢ = 500 mA 1 v 
VeElwu Collector-Emitter Saturation Voitage Ig = SOmA, tc = 500 mA Os v 
‘7 Tranweon Frequency Vce=5V. Ic © SOMA t= 20 MHz 50 He 


NOTE 4, Theve parameters must be mostured using pulte techniques. tp © JOO ps, duly cycle G2 %, 


A PSSST! 


TEXAS INSTRUMENTS 
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OESIGNED FOR COMPLEMENTARY USE WITH BD137 


Driver Stages 
Active Convergence 
Control Circuits 
Switching Application 
Prot = 6.5 W at Tc = 60 OC 
hee > 40 at Ilo = -150 mA 
VcE (sat) < —0.5 Vatic =O.5A 


BD138 
PNP EPITAXIAL PLANAR SILICON TRANSISTOR 


Vit 


These components are tested according to the appropriate test method of MIL-STD-750. By special agreement, they can 


also be tested additionally to MIL- or DIN-specifications. 


mechanical data 


Ab drcnsons we mmm 


Transistors in SOT-32 package can also be supplied with mica insulating washers or heat sinks for 1.5 up to 2.5 Watts. 


Separate data-shect available. 


absolute maximum ratings at 25 °C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . Be 8s ah pide ode 
Collector-Emitter Voltage (See Note 1) ee ee we 


Emitter-Base Voltage 7 
Continuous Collector Current. GR sae cas we cals 


Peak Collector Current... . 

Continuous Device Dissipation at (or below) 25 ec ‘Free. Air Temperature (See Note 2), 
Continuous Device Dissipation at (or below) 60 OC Case Temperature (See Note 3} . 
Storage Temperature Range 

Lead Temperature 1.6 mm from Case tor 10 Seconds . 


NOTES (1 This value apnhes when the base emiltes diode 1 open cucurted 


2 O,~p 100 8Cw 
I Oye 4810 ecw 


RELIMINATLY DATA SHEET 


entaty dale may be 


ob uate ase TEXAS INSTRUMENTS 


-60V 

-60V 

-5V 

-1A 

-1.5A 

Ww 

5 6.5W 
_55 °C to 125 9C 
260 OC 


a ET 
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BD138 
PNP EPITAXIAL PLANAR SILICON TRANSISTOR 


electrical characteristics at 25 °C free-air temperature (unless otherwise noted) 


NOTE 


TEST CONDITIONS 


PARAMETER MIN MAX UNIT 

VIBRICBO Collector-B axe Breasdown Voltage to = -1W00pA, tg - 0 -60 v 
VIBRICEO Collector Emitter Breskdown Voiloge ig = -20mA, Ig-0, See Note 4 ~60 Vv 
ViBRIEBO Emitter-Bave Breakdown Voltage Ig =-10HA, Ic -0 -§ v 
lepo Collector Cutolt Current Vep= -30V. te +0 -100 nA 
hee State Forward Current Transfer Ratio Vees -2V.  Ic#-5mA 25 

Vee =-2V.  I¢*-150mA 40 160 

Voce -2¥.  (¢=-SO0mA 25 
Vee Base-Emutter Votiace Vee = -2V. I¢ = -S00 mA -1 Vv 
VCE Isat) Collector-Emitter Saturation Vehtcge Ig2 -SOmA, I¢ = -SOmA -05 Vv 
tt Tramsition Freavency Vce=-8V.  I¢>-S0mA fF - 20 MHz 50 MHz 


S  Trese parameress marl De meat 


VET] De se TeEA aus tp JOO ME, duty cyclo 2% 
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TEXAS INSTRUMENTS 


BD139 
NPN-EPITAXIAL-PLANAR- SILICON- TRANSISTOR 


272 


Driver for Audio Amplifier 
Active Convergenz 
Regulators 

Power Switching 

Prot = 6.5 W at Tg = 60 °C 

hFE > 40 at l¢ = -150 mA 
VcE(sat) < —0.5 V at Ic = -0.5A 


mechanical data 


Emitter 


Coileclor 


eS 


' 
a 
4 
é 

% 

i~ 


wImo 


Ald qwnony aren mm 


absolute maximum ratings at 25 °C free-air temperature (unless otherwise noted) 


Coltector-Base Voltage . . . . a," Dae Ug MR Np ee cd? fa. Sk vods We Uy evan aio Ag a! Gor Fa Pe -80V 
Collector-Emitter Voltage (See Note 1) as Bonk, via a boo Ob See Jan A aes GN A ee -~80V 
Emitter-Base Voltage... fo S014 is : lp ha caylytt hay @ fo aS -SV 
Continuous Collector Current on eS os Sie i ey Sa ee PE oe ya hey ce dees -1A 
Peak Collector Current. . aye ge wala hier Se Se at awe THe bE -1.5A 
Continuous Device Dissipation at Tye 25 oc (See Note 2 eS a ee aa te aR aE 1w 
Continuous Device Dissipation at Tg = GO9C (SeeNote3) . - : Bay tee rae Pee, done 6.5W 
Storage Temperature Range . . . tte 38 Sat “ae fs : . » . . —599C to 125 °C 
Lead Temperature 1.6 mm from Case for 10 Seconds . i Bs Ete ee yc Coed. Wok tec hae 260 °C 


SOTLS 1 Thos value apphes when the base emitter diode 9 open circuited, 
2 Ringy 100 8Crw 
J Ainyg 10 PCW 


EEE Ld 


PRELIMINARY DATA SHEET 
Sunplementary data may be 


ublsbed 130 a tier nate TExAS INSTRUMENTS 2-19 


BD139 
NPN-EPITAXIAL-PLANAR-SILICON TRANSISTOR 


electrical characteristics at 25 °C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN MAX UNIT 
VIBRICEO Collector-Base Breakdown Voltage Ie = 100nA, Ig = 0 80 v 
ViIBRICEO Coltector-Emitter Breaxdown Voltage Ig = 20mA, Ig 70, Note4 80 v 
VigRIEBO Emitter-Base Breakdown Voltage ig 2 TORA, Ic 0 5 v 
'cao Collector Cutoff Current Vea 30Vv. lg °0 100 nA 
nre State Forward Current Transter Ratio Nee Ree. Digihome 5 
Vce=2V. Ig + 150 mA 40 160 : 
hee Stone Forward Current Transter Ratio Vcer2v. Ic = 500 mA 25 
VBE BaeEmitrer Voltage Voge -2v, I¢ = 500 mA 1 v 
VCE(nat) Collector-Emitter-Saturation Voltage Ig = SOmA, Io» SOO mA 05 v 
7 Transition Frequency Vee" SV. Ig S0.mA a Mie 
tf 20 MHz 


The following hr ¢-groups are available: 


BD 139/6 bee © Vce=z2V. IC = 150mA 40 - 100 
BD 139/10 63 - 160 
BD 139/16 100 - 250 


NOTE 4 These parameters must De Meas sred us rg DU se Tecnmaues Ip © 300 Ms. duty cyclo BIW 


TEXAS INSTRUMENTS Ar 
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BD140 
PNP-EPITAXIAL-PLANAR- SILICON- TRANSISTOR 


$73 


Driver for Audio Amplifier 
Active Convergenz 
Regulators 

Power Switching 

Prot = 6.5 W at Tg = 60 °C 
hee > 40 atic = 150 mA 
VcE(sat) < 0.5 Vatic =0.5A 


mechanical data 


Emitter 


Ali 6.maongons aru in mm 


absolute maximum ratings at 25 OC free-air temperature (unless otherwise noted) 


Collector-Base Voltage. |. Waiwes elem tee aed pn Re se eon whe cit 80 V 
Collector-Emitter Voltage (See Note 1) shag fst! Waite ee ee ee ee ae 80 V 
Emitter-Base Voltage... 3 eS Aueite ee Ah A Ae a a een ee ein ah ee 5V 
Continuous Collector Current ie “ae Wh te ae) pee sey les te. ere yes Bt Se se a ie te 1A 
Peak Collector Current. . Fae fork ee ace Ge Rie Pe a A 
Continuous Device Dissipation at Tye 25 oc (See Note 2 wy Base go ib Sdnegit Gey le Boe oe Fs 1W 
Continuous Device Dissipation at Tg 2 60°C (SeeNote3) © © - - - 2 ee et ts » . . 65W 
Storage Temperature Range . . boo ee, ae te thay bgt Ay chelate as _55 °C to 125 OC 
Lead Temperature 1.6 mm from Case for 10 Seconds . EAS ade Gh Tae ah OE es ee RE a aca Wide Ld en 260 9C 


HOTES 1 This vatue anptias vwehen the base omitor drove +s opan circurted 
2 Ainsy © 100 CCW 
2 Ainug “10 SCw 


nS 


PRELIMINARY DATA SHEET 
Supplementary data may be 


Gabtaled at a later date, TEXAS INSTRUMENTS 2-21 


BD140 


PNP-EPITAXIAL-PLANAR- SILICON TRANSISTOR 


electrical characteristics at 25 °C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN MAX UNIT 
VipmicBo Collector-Bate Breakdown Voltage Io = -100-A, Ie +0 -80 v 
VIBRICEO Collector-Emutter Breakdown Voltage I¢=-20mA, Ig*0. Noted: —B0 Vv 
VIBRIEBO Emitier-Bate Breakdown Voltage Ig=-10pA. I¢+O -§ v 
Icpo Collector Cutolt Current +-30V. Ig 70 -100 nA 
25 
hee State Forward Current Transter Ratio 
40 160 * 
FE Static Forward Current Transfer Ratio 25 
VBE Bose-Emitter Voltage 1 v 
VCE lath Collector-E mitter Saturation Voltage -05 v 
Veer -5SV. 50 MHz 
pd Transition Frequency i ie ink 


The following hp ¢ groups are available: 

BO 140/6 hee © Vce=2V. Ic =150mA 40 - 100 
BD 140/10 63 - 160 
BD 140/16 160 - 250 


NOTE «4. These paramerers must De measured wiing parte tecnnaues. lp ~ JOO fs, duty cycle 2% 


EET EERIE 
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TEXAS INSTRUMENTS 
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BD239, BD239A, BD239B, 8D239C 


1271 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH BD240A-C 


© 30 Wat 25 °C Case Temperature 
@ 2A Rated Collector Current 
@ Min fy of 3MHz at 10 V,200 mA 


mechanical data 


695 -00 = 
-O1 


Al Omenynns ara nim 


absolute maximum ratings at 25 °C case temperature (unless otherwise noted) 
BD239 «= 802394 «802398 §=6BD239C 


Collector-Emitter Voltage (Age = 1002) . . . - . -. . s . 5S 70V 90V 115V 
Collector-Emitter Voltage (See Note1) . . . . . . . . ss . 45V 60V 80 V 100 V 
Emitter-Base Voltage . . . ee “Hoesen BONS chase? Bo ote es ae 5V 
Continuous Collector Current 2 2. 1 we ee S08 2A 
Peak Collector Current (SeeNote2) . 2. 2. 2 2 1 ee ee ee 4A 
Continuous Base Current. . Boa ok a 064 
Sate Operating Region at (or below) 25 o¢ Case Temperature Par gee ar) See Figure S 
Continuous Device Dissipation at (or below) 25 °C Case 
Temperature (See Note 3). . . . . ty, tasers 30W 
Continuous Device Dissipation at (or below) 25 oc ‘Free-Air 
Temperature (See Note 4). . . . . Li Cet ven Gb Bh S zw 
Unclamped Inductive Load Energy (See Note 5) Stee aE reget ee 32 mJ 
Operating Collector Junction Temperature Range. . . . . .- : -—65 OC to 150 9C 
Storage Temperature Range . . . S, ths wie 49 ae —65 °C to 150 OC 
Lead Temperature 1/8 tnch from Case tor 6 Seconds ease tet. Xt Bint mies. 2 250 9C 
NOTES This value apples when the base emitter diode 13 open cucusied. 


This value opplis tor ty GO.3 ms, duty cycle S10 %. 

Dorate lincarly to 150 OC care temperature at the rate of 0.24 W/9C. 
Derate linearly to 150 OC ¢ 
Ths cating +s Lased on the cor ¥ of 
Vep2 Ov. Ns 0122 Vee - 10 Vv. Energy 


rate of 16 mW/OC. 
or 10 operate talely in the circust of Figure 2. L = 20 mH, Aggy ~ 100 S2, 
teIL/2. 


Veone 


a TY 


TEXAS INSTRUMENTS 2-23 


BD239, BD239A, BD239B, BD239C 


electrical characteristics at 25 °C case temperature 


80239 BD239A 802398 Bpz339C 
PARAMETER TEST CONDITIONS MIN MAK. WIN MAKS. OMIN MASC. MIN MACONE 
ViBRICEO Ie = IJOmMA, ig =O. 45 60 60 100 v 

See Nowe & 
IceO Vee 2 30V, tg-0 ot 03 rae 
Vee = 60V. Igs0 0.3 0.3 
IcES Vce *45V. Vee +0 02 
Vee = 60V. Vee =0 0.2 or 
Vee © BOY. Vee so 02 
Vee * 100V, Vee +0 0.2 
leo Vea *5V. Ic 0 1 1 1 1 mA 
hee Vee c4y, 1c 20.24 40 40 40 40 
See Notes 6 and 7 
Vee v4. len 1A. 15 15 1S is 
See Notes 6 and 7 
Vee Vee -4V. len ta. 1.3 13 Ww 13° °=«NV 
See Not 6 and 7 
Vee (sett Ig = 200 mA. Ig= VA, 0.7 07 0.7 0.7 Vv 
See Notes 6 and 7 
Ne Vce* 10V. 16 = 0.2A, 20 20 20 20 
fe dkHz 
Inge! Voce * 10, Ig +024, 3 3 a 3 
f= 1MHz 
NOTES: 6. Tnose parameto-s must be measured using DUite Technique! = 300 fs. duty cycle G2 % 
7. Tree poranoters ore Meatsred w tt voltage sens:ng Contacts separate from the current Carrying CONsOCIS 
thermal characteristics 
PARAMETER MAX UNIT 
Rgac Junctionto-Cae Thermal Resistance a7 ecw 
Roa duncuon-to- Free Air Thermal Resistance 62.5 
switching characteristics at 25 °C case temperature 
PARAMETER TEST CONDITIONS * TvP UNIT 
ton te = 200 mA, Igi1y* 2OMA, —g¢2) = 20 mA, 0.3 ps 
tort VpE(oit) * -3-4V. AL * 15022, See Figure 1 0.8 


* Voltage and current values shown are nominal 


ea act values vary shghtly with transistor parametors. 
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TEXAS INSTRUMENTS 


BD239, BD239A, BD239B, BD239C 


TEST CIRCUIT 


¥U1A5E &NO CURRENT WAVEFORMS 


if 
i 
| tut -—-s 

INPUT 140 4 output 
0-9 --o. ain Dison 

4 i 
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wr ™ 
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VOLTAGE WAVEFORMS 
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BD239, BD239A, BD239B, BD239C 


Yoer =! (Rae). 1¢ 30 mA; Tes 225°C nee: file Yee: 
20[ 5 : an 
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TEGAS INSTHUV ITS ALSLAVTS Tol MIGHT 10 MAKE CHANGER AT AP 
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BD240, BD240A, BD240B, BD240C 
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FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH BD239A-C 


© 30 Wat 25 °C Case Temperature 
© 2A Rated Collector Current 
e = Min fy of 3MHz at 10 V, 200 mA 


mechanical data 


Ad arnetiaons ate nmm 


absolute maximum ratings at 25 °C case temperature (unless otherwise noted) 


8D240 BO240A 8D240B BD240C 


Collector-Emitier Vottage (Reg =1002) . .. . .. 2... . -55V -70V -90V -1I5V 
Collector-Emitter Voltage (See Note?) . . . . . 1 ws ee . 4B V -60V -80V -100V 
Emitter-Base Voliage 2 2. 1 -5V =f 
Continuous Collector Current 2 2 1 2 ee ee -2A o 
Peak Collector Current (See Note2) . 2. 1. 1. ee ee “4A ey 
Continuous Base Current... Sit oe Sh IS -0.6A =. 
Safe Operating Region at (or below) 25 °c Case’ Temperature be eee Ba SS See Figure 5 fad 
Continuous Device Dissipation at (or below) 25°C Case. . . . . 30 W 

Temperature (SeeNote 3). . . . . Pe ae Sa 30W > 
Continuous Device Dissipation at (or below) 25 oc ‘Free Air 

Temperature {See Note 4) . = 2w bs 
Unclamped Inductive Load Energy (See Note 5) = 32 mJ og 
Operating Collector Junction Temperature Range . = —65 SC to 150 9C > 
Storage Temperature Range & - —65 °C to 150 9C > 
Lead Temperature 1/8 Inch from Case for 5 Seconds A - 250 °C ie 


NOTES: 1. Tris value applies whon tha base-emitter diode is open circuited. 

2. This valuo applies tor ty 0.3 ms. duty cycle G 10%. 

3. Oerate lingarly to 150 OC case temperature at the rate of 0.24 W/PC. 

4. Oorata linearly to 150 OC Iree ait temperature at tho rete of 16 mw/9C. 

5. This rating 1s based on ine capability of the transistor to operate safely in the crrcuit of Figure 2. L + 20 MH, Aggy = 100 £2. 


Vou2 - OV. Ag- 0.1 S28 vee - 10 V. Energy Fie2L/2. 


a TS 


Texas INSTRUMENTS 2-27 


BD240, BD240A, BD240B, BD240C 


electrical characteristics at 25 °C case temperatui. 


BO240 BD24a0A 802408 BD240C 
PARAMETER TEST CONDITIONS Aik AK. TEN MAIO DS Ali MAK MIN. max UNIT 
ViBRICEO I¢ = -30 mA, Ig +0. -45 -60 -80 -100 Vv 
See Now 6 
lceo Voce = -30V. 1g +0 -03 -03 bem 
VcE = -60V, Ip -0 -0.3 -0.3 
Ices Vee * -45V, Veg *0 0.2 
Vee = -60V, Vee 0 -0.2 ae 
Vce * -80V. Vee =O 0.2 
Vce"-100V, Vges0 -0.2 
‘eso Veg" -5V. te*0 -1 -1 =) -1 mA 
hee Vce*s—4v, Ie -O.2 4, 40 40 40 40 
See Notes 6 and 7 
Vce*<v. Ios -1A, ity 15 15 1S 
See Notes 6 and 7 
Vee Vee" -4V. Ios -1A, -13 -1.3 1.3 -13 Vv 
See Notes 6 and 7 
Vee tsar) Ig = —200 ma, Iga -ta -0.7 ~0.7 -0.7 -07 Vv 
See Notes 6 and 7 
he Vee * -10V. Ig #-0.2A, 20 20 20 20 
f= VkHe 
inte. Vee * -10V, Ig = -O.2A, 3 3 3 3 
t= VM 
NOTES 6 Thote parameters mutt De mastered usng Culte techniques. I, = JOO fs. duty cycle S24 
7, Trate parameiers a10 Messed with vOrTaZe SENSING CONIACIS SOPOrAle TrOM Ihe CurrONt Carrying COMIAC IS. 
thermal characteristics 
PARAMETER MAK UNIT 
Rouc dunction 10-Case Thermal Reusiance 4.17 ociw 
ROA dunction-to-F ree-Air Thermal Resistance 62.5 
switching characteristics at 25 °C case temperature 
PARAMETER TEST CONDITIONS * TYP UNIT 
ton le = -200 ma, lay) * -20mA, Iga) = 20mA. 02 ui 
loff Veeton) *34V. Ay» 15022, See Figure 1 0.4 


* Volioge and current vatues shown ara nominal, exact values vary slightly with transislor param. 
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BD240, BD240A, BD240B, BD240C 


absolute maximum ratings at 25 OC free-air temperature (unless otherwise noted) 


| 
| 
é 
i 
" 


i TEST CIRCUIT VOLTAGE WAVE FORMS 


ea = "| Ry 010. 
Ut _t__,—_ 


TEST circu VOLTAGE hd CURRENT WAVEFORMS 


Oissipation deraling curve 


1 od pears 
tw:300 5,420.1: 10% 


tw 2l0ms d :O1= 10% 
OC Operation 


—L 


0 2 = 50 7 = 00—s«128 °C:150 
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TEXAS INSTRUMENTS 2-29 


BD240, BD240A, BD240B, BD240C 
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po br Be en Cae ere 


hep 109- 


20 oe esi ane Ss, ba Pa ee 
-G01 -0) Ae! 
Ic ~ 
Yee: (le) 
ie yee 
¥ FA 
— ajeraes" AS 
~ 59. Se cechomncnae™ 
Io 110K mam i “| 
¢ | 
y SILA 
CE (salty -1 - : : - 
: BE 55. _ 
-07 
0) 
! 
06, 9 4+ 
Soe Mie pao eee 05. Li... 
719 WD mk -1009 001 


p -— 


TEXAS INSTRUMENTS 
2-30 


TOAST HEM RVLS THE BiGoet TO Want CHANGEBAT AS” 
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BD241, BD241A, BD241B, BD241C 
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FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH BD242A-C 


© 40 Wat 25 °C Case Temperature 
e 3A Rated Collector Current 
e@ Min fr of 3 MHz at 10 V, 500 mA 


mechanical data 


nD +05 


‘ 
--= B99 000 —— 
<1 


Al Omensons aren mm 


absolute maximum ratings at 25 °C case temperature (unless otherwise noted) 
BD241 8D241A BD241B 8D241C 


Collector-Emitter Voltage (Rag = 100 2) b-Gebter of Sn ce dae SSV 70 V 90V 115V 
Collector-Emitter Voltage (See Note 1) . 2. . . . . .. . . « 45V 60V B0V 100 V 
Emitter-Base Voltage 2 6 7 ww 5V + 
Continuous Collector Current - 3A > 
Peak Collector Current (See Note 2) ies SA = 
Continuous Base Current BA cs os Gat eet ES 8 oc - 1A me 
Safe Operating Region at (or below) 26 OC Case Temperature . - See Figure 5 - 
Continuous Device Dissipation at (or below) 25 OC Case 

Temperature (SeeNote3). 2. . 2. 1 - ee ee - 40W = 
Continuous Device Dissipation at (or below) 25 OC Free-Air 

Temperature (See Note 4) . nae 2 = 2w ng 
Unclamped Inductive Load Energy (See Note 5) « 32 mJ bd 
Operating Collector Junction Temperature Range . al -65 °C to 150 9C bid 
Storage Temperature Range athe piste’ deat oe . - —65 °C to 150 OC > 
Lead Temperature 1/8 Inch from Case for § Seconds . - 250 9C > 


NOTES . This value applies whan the base emitter diode 1s open circuited. 
. This valuo applies far ty &O.3 ms, duty cycle S10 %. 


1 
2 
3. Oerare linearly to 150 SC case temperature at the rate of 0.32 W/TC. 
4 
5. 


. Dorate sinaarty to 160 OC teve-air temperature st ihe rete of 16 mW/OC. 
. This coving Is bared on the capability of the transistor to operete safaly in the circuit of Figure 2. L = 20 mH. Aggy * 100 Q 


Vea2° OV. As - 0.122, Veg = 10 V. Energy S1g7L/2. 


a IS 


PALLIMINARY OATA SHEET 
Supulamentary data may be 
bublahed at a later date. 


TExAS INSTRUMENTS 2-31 


BD241, BD241A, BD241B, BD241C 


electrical characteristics at 25 °C case temperature 


Bo241 BO241A BO241B BO241C 
PARAMETER TEST CONDITIONS MIN MAX MIN MAX MIN MAX MIN MAX UNIT 
Vipmiceo Ie ° 30 ma. tg +0. 45 60 80 100 v 
See Note 6 
IceEO Voce * OV, Ip +0 03 03 an 
Voce * 60V, Ig +0 0.3 0.3 
Ices Vee #45, Vae +0 0.2 
Vce "60, Vag *0 0.2 ia 
Vce = 60V, Vee "0 0.2 
Voce = 100 V, Vee °0 0.2 
leso Veg" 5V. Ic=0 1 1 1 1 mA 
hee Vee = 4. Ign VA 25 25 25 25 
See Notes 6 and 7 
Vce*4v. ie = 3A. 10 10 10 10 
See Notes 6 and 7 
Vee Vee sé Vv, Ie eda. f 18 48 1.8 18 OV 
See Notes 6 and 7 
Vee tat) Ig © 600 mA. es 3Aa. 12 12 1.2 wzoM 
See Notes 6 and 7 
MMe Vee = 10V, Ie = O5A, 20 20 20 20 
t= 1kHe 
ingel Voce * lov. te O5A 3 3 3 3 
fel MH: 


NOTES 6. Trose parameters must be meatured using Dulse techniques 1, > 300 Ms, duty cycle S 2% 
7. These parameters are measured with vol tage-sensing contacts separate from the current-carrying contacts 


thermal characteristics 


PARAMETER MAX UNIT 
Rose Junciionto-Cme Thermal Resstance 3.425 ocw 
RQIA Juncuon-to-Free Aur Thermal Resistance 62.5 


switching characteristics at 25 °C case temperature 


PARAMETER TEST CONDITIONS * TYP UNIT 
ton Ion lA. 'gisy 2 100mA, — Igy) * -100 mA, 0.3 bs 
‘otf Veeco" -3-7V. RL = 2022, See Figure 1 1 


* Voltage and current vatues shown ate nominal, caact va'ues vary shghtly vith transsior paramoters. 
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FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 802414A-C 


© 40 Wat 25 °C Case Temperature 
@ 3A Rated Collector Current 
e Min fy of 3 MHz at 10 V, 500 mA 


mechanical data 


Aa Genonsons are mmm 


absolute maximum ratings at 25 OC case temperature (unless otherwise noted) 
BO242 802424 BD242B 80242C 


Collector-Emitter Voltage (Age 21002) . . . . . . . . . . -55V -70V -90V -115V 
Collector-Emitter Voltage (SeeNote!) . . 2. 1... we ee EV ~60V -80V -100 V 
Emitter-Base Voltage © ww we -SV > 
Continuous Collector Current 2 ww we -3A - 
Peak Collector Current (See Note 2) + -SA ~ 
Continuous Base Current... Be at cde OY -1A > 
Safe Operating Region at (or below) 25 oc Case: Temperature eran 2 See Figure 5 > 
Continuous Device Dissipation at (or below) 25 °C Case 

Temperature (See Note3). . . . .- wee he eee 40W > 
Continuous Device Dissipation at (or below) 25 og. Free Air 

Temperature (See Note 4). . . . Bp tay nay eed LC OE 2Ww > 
Unclamped Inductive Load Energy (See Note 5) Cea ee ee ee 32 mJ > 
Operating Collector Junction Temperature Range. . 2. 2 2 2 ww -65 °C to 150 9C bad 
Storage Temperature Range . . . aoa, ee a aa —65 °C to 150 9C - 
Lead Temperature 1/8 Inch Irom Case tor 5 Seconds ele PS ces Ten de, PE 250 9C od 

NOTES + Tht value applies when tha bare emitier diode is open-circuited. 


duty cyclo S10 %. 

4@ at the rate of 0.32 W/9C. 

ine end of 16 mW/OC. 

10 operate salely in the circuit of Figure 2. L = 70 mH, Aggy ~ 10092, 
ic? hs2. 


1 

2. Thin value apphes tor ty 60.3 ms, 
3. Derata Iingarty 10 160 SC case tem, 
a 
s 


- Derate linearly to 150 FC tee ten, 
based on ine can iy of 
Veo2 OV. Ag 0.182 Vee - lOve 


A EY 


montacy 
root oa 


TEXAS INSTRUMENTS 2.35 


BD242, BD242A, BD242B, BD242C 


electrical characteristics at 25 °C case temperature 


6D242 8D2424 Bb242B BD242Cc 
PARAMETER TEST CONDITIONS MIN MAX MIN MAX MIN MAX MIN MAX UNIT 
ViBRICEO i¢ = -30 mA, 1g #0, 45 -60 -80 100 v 
See Note 6 
IcEO Vee ° -30V. Ig 20 -03 -03 inh 
Vce * 60 V. Ig-0 -0.3 -03 
lees Vee * 45, Vee «0 -0.2 
VceE © -60V. Vee *0 -02 ai 
Vee * -80V. Vee*o -0.2 
Vce*-100V, Vee -0 -0.2 
leBo Veg*-SV. tce=0 -1 -1 -1 -1 mA 
hee Vee sav, ioe -1A, 25 25 25 25 
See Notes 6 and 7 
Vee s 4, Ig = -3 A. 10 10 10 10 
See Notes 6 and 7 
Vee Voces -4V, tes -3A, -18 -1.8 -18 -18 Vv 
See Notes 6 ang 7 
VCE teat) ig=-600mMA, Ig = -3 A. -12 -12 -12 -12 
See Notes 6 and 7 
Ne VcE * -10V. Ic * -05A, 20 20 20 20 
f= Thee 
Me! Vee * -10V, te - -O5A, 3 3 3 3 
t= 1 MHz 


NOTES: 6 These parameters must be Measured ung pulse techniques. ly - 300 Us, duty cycle 2% 
7 These poraroters are meatored with yO'lase 4eNENg COMIACTS Separate from the current-carrying contacts 


thermal characteristics 


PARAMETER MAX UNIT 
R0sc Juncnon-10-Case Thermal Resistance 2.125 ocmw 
ROja durctionto-Free-Air Thermal Rewsiance 625 


switching characteristics at 25 °C case temperature 


PARAMETER TEST CONDISTIONS * TYP UNIT 
ton len -1Aa, Ipiy) = -300 mA, gy) » 100 mA, o2 ys 
toff Vpeion "3.7, Ry = 2022, See Figure 1 03 


* Voltage end curtent values shown are nominal, exact ve'ues vary shignily wv.th teansisior parameters. 
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BD242, BD242A, BD242B, BD242C 
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FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 8D244A-C 


© 65 Wat 25 °C Case Temperature 
e 6A Rated Collector Current 
© Min fr of 3 MHz at 10 V, 500 mA 


mechanical data 


38° 008 = 
Ae. 00 = 


seman 01s, 
ah: 


899 -00 
-O8 


AY drmenyons ara in men 


absolute maximum ratings at 25 °C case temperature (unless otherwise noted) 
BD243. «-BD243A «=BD243B8) «= BD243C 


Collector-Emitter Voltage (Age = 1002) . . . . . - . . - - SEV 70V 90V 115 V 
Collector-Emitter Voltage (See Note1) . . . . . . «+ + - 465 60V B0V 100 V 
Emitter-Base Voltage 2... ee ee 5V = 
Continuous Collector Current - 6A ~ 
Peak Collector Current (See Note 2) - 10A ~ 
Continuous Base Current z . = 3A 2 
Safe Operating Region at (or below) 25 oc Case’ Temperature :. - See Figure 5 ~» 
Continuous Device Dissipation at (or betow) 25 9C Case 

Temperature (See Note 3) . = 65 W = 
Continuous Device Dissipation at (or below) 25 oc | Free. Air 

Temperature (See Note 4) . + 2wW , 
Unclamped Inductive Load Energy (See Note 5) - 62.5 mJ S32 
Operating Collector Junction Temperature Range . - -65 °C to 150 9C > 
Storage Ternmperature Range : 4 - —65 9C to 150 °C = 
Lead Temperature 1/8 Inch from Case for 5 Seconds ; oa 250 OC = 


NOTES This value applies when the bese emitter diode is open-circuited. 
10%. 

2 of 0.52 W/O, 

: erate of 0.82 W/9C. 

. This rating ip based on the capabihty of the wansistor to operate safely in the circuit of Figure 2. L - 20 mH, Aggy = 100 S2 


Veo2 7 OV. Rs - 0.182, Vee = 10 V. Energy © Ie2L/2. 


1 
2. 
3. 
4 
5. 


PRELIMINANY DATA SHEET 


Seer eae aint ee Texas INSTRUMENTS 2-39 


BD243, BD243A, BD243B, BD243C 


electrical characteristics at 25 °C case temperature 


80243 802438 802438 BD243C 
PARAMETER TEST CONDITIONS MIN MAX MIN MAX MIN MAX MIN. Max UNIT 
Vi(BRICEO te = 30 mA, 'g = 0, 45 60 80 100 v 

See Nore 6 
IcEO Vce ° 30V. Ig20 07? 0.7 an 
Vce * 60V, Ig =0 0.7 0.7 
ICES Vee "45. Vee 0 04 
Vee « 60V. Vee *0 04 
Vee = 80. Vee*o 0.4 
Vee * 100V, Vee "0 04 
leBo Veg cv. Ie +0 1 1 1 1 mA 
bre Vee 4v. Ie = 034, 30 30 x» 30 
See Notes 6 ona 7 
Vee sav. ee 3A 15 1S 18 15 
See Notes 6 and 7 
Vee Vces4v. Ic *6 A, 2 2 2 2 v 
See Notes 6 and 7 
VcE(av ter 10a. Ic + 6A, 1s 1S 15 1S Ov 
See Notes 6 and 7 
Ne Vee * 10V, Ie #05, 20 20 20 20 
f= TkHe 
inte! Voe* lov. c+ O5A 3 2 3 3 
t= MHz 
NOTES 6. These parameters mutt De mensied Lting Duite techn.ques. ty - JOO Ms, duty cycle G2 % 
7. These parametess are mestsred w IM vO Inge sensing Contacts separate from the current Carrysng Contacis 
thermal characteristics 
PARAMETER MAX UNIT 
Rosc Juncnon-10-Caw Thermal Resistance 1.92 ociw 
Agua doection-to-FreeAir Thermal Resitance 625 
switching characteristics at 25 OC case temperature 
PARAMETER TEST CONDITIONS * TYP UNIT 
ton toe la, 1gi1) 2 0.1 A, Iei2y + -O.1.A, 03 ia 
lott VpEtot) " -3.7V. Ay = 2022. See Figure 1 1 
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FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH BD243A-C 


e@ 65 Wat 25 °C Case Temperature 
© 6A Rated Collector Current 
@ Min fr of 3 MHz at 10 V, 500 mA 


mechanical data 


6.92 -00 —— 
-o1 


BD244 802444 BO244B BD244C 


Collector-Emitter Voltage (RgeE= 1002) . . - .. . - - - . -55W -70V —90V -1iSV 
Collector-Emitter Voltage (SeeNotet) . 2. . - . ee » . “45V -60V -80V -100 V 
Emitter-Base Voltage Loe - -5V > 
Continuous Collector Current 2. 2. we ee -6A > 
Peak Collector Current (See Note 2) ao ON eA ae -10A - 
Continuous Base Current . . a: date Oe a ee -3A > 
Safe Operating Region at (or below) 25 oc Case Temperature es + See Figure 5 ~ 
Continuous Device Dissipation at (or below) 25 OC Case 

Ternperature (See Note 3). . . . . a fe Ce pay Ve, OE 65 W > 
Continuous Device Dissipation at (or below) 25 °c “Free: Air 

Temperature (See Note 4). . . - . wh ba gh (ug age Sate! Ah ta OS 2Ww > 
Unclamped Inductive Load Energy (See Note 5) me ee ae ae ay ag 62.5 mJ > 
Operating Collector Junction Temperature Range. . 2. - - ee eo -65 °C to 150 9C - 
Storage Temperature Range . . hee Se hee ok hg: «ao -65 °C to 150 OC - 
Lead Temperature 1/8 Inch from Case tor 5 Seconds 4 ay ar te yy) oe 250 °C > 

NOTES This value apobet whan the base-emitter diode 1 open-cecusted. 


’ 

2. This valuo apptias for ty GO.3 ms. duty cycle S10 w. 

3. Qvrate hearty to 150 SC case temperature at the rate of 0.52 W/PC. 

4 Ocvrate teosrly 10 160 OC treo air temperature at the rare of 16 mW/OC. 

5. Thus conmy « based on the capability of the tranustor 10 operate safely in the Circurt of Figure ZL © 20 mH. Ragy ~ 100 52 
Vou2~ OV. Hs 0122 Vee - IOV. Energy = etl? 
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BD244, BD244A, BD244B, BD244C 


electrical characteristics at 25 °C case temperature 


p24 BD2444 8D2448 ep244c 
PARAMETER TEST CONDITIONS MAUS MAIC. AMM ASC OMI, MAS ORME MAIC UNMET 
ViBRICEO «= ig 8-30 mA, Ip ° 0. 45 -60 a) “ =100 v 
See Now 6 
IceO Vee = -30V. Ig*0 ~0.7 0.7 ie 
Vce = -60V. peo -0.7 -0.7 
Ices Vce* 45 Vv, Vge 0 -04 
Voce * -60V, Vee*o -0.4 mA 
Vce > -80V, Vee *0 -04 
Vce=-100V. Vege=0 -04 
‘EBo Vea -SV. 1e-0 -1 -1 -1 -1 mA 
bre Voces -4V. Ig = -0.3 4. 30 2 30 30 
See Notes 6 and 7 
Voces -4V, ie =-3 A, 15 16 15 1s 
See Notes 6 and 7 
Vee Voce" -4V, ge -6A -2 -2 -2 -2 Ov 
See Notes 6 and 7 
Vee tun tge-10A. Ic« BA. -15 -15 -18 -15 Vv 
See Notes 6 and 7 
Me Vee = -10V. Ig = OSA. 2 20 20 20 
fe lke 
heel Vce = -10V. Ie = -O.5A, 3 3 3 3 
{fe iMyHr 
NOTES 6 There caremeters must be meatired Using pute technques ty = JOO Ps. duty cycle G2 % 
7 There parameters a'e meatsred w In voltage senting contacts separate from the currant carryeng COmlacts 
thermal characteristics 
PARAMETER MAX UNIT 
Rose duncnontoCame Thermal Resistance 1,92 oc 
Fgaa Jurcion-to-Free-Air Thermal Resmance 62.5 
switching characteristics at 25 °C case temperature 
PARAMETER TEST CONDITIONS * TYP UNIT 
ton Ion -tA, Warps OTA. — Ig¢2) 2 0.1 A, 0.2 js 
tott Veeion = 374 AL e202. See Figure 1 0.8 


* Voltage and current values shown are nominal, ea act velvet vary Seghily with tral 
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FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH BD246A-C 


@ 80 Wat 25 °C Case Temperature 
10 A Rated Collector Current 
© Min fy of 3 MHz at 10 V, 500 mA 


mechanical data 


35 
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2 
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absolute maximum ratings at 25 °C case temperature (unless otherwise noted) 


BD245 BD245A 8D245B 

Collector-Emitter Voltage (Rag = 10082) . . . mo Seo 55V 70V 90 V 
Collector-Emitter Voltage (See Note 1) . . . . . 45v 6OV 80V 
Emitter-Base Voltage. 1 2 ee ee ee ee oa 5V 
Continuous Collector Current. . cP sles eee, af 38 = 1A 
Peak Collector Current (See Note 2)... - ee ee ee ISA 
Continuous Base Current . : - 3A 
Safe Operating Aegion at (or below) 25 oc Case Temperature ae tal erat See Figure 5 
Continuous Device Dissipation at {or below) 25 °C Case 

Temperature (SeeNote3). . . . . atin cos = 60 W 
Continuous Device Dissipation at (or below) 25 oc ‘Free: Air 

Temperature (See Note 4). . . . wen So Tas, tag A - 3.0 W 
Unclamped Inductive Load Energy (See Note 5) Sipe ie. ee cae ee 62.5 mJ 
Operating Collector Junction Temperature Range. . . - = —65 9C to 150 9C 
Storage Temperature Range . . . Bie, ee - —65 OC to 150 9C 
Lead Temperature 1/B Inch trom Case for 5 Seconds We yay Ploy anaes 250 9C 

NOTES This value apnhes when tho bate omitier diode +s OpEN Cucuited. 


eS 10% 


1 

2. Thu value anphas tor ty, GOI 

3) Deraie bnvarly to 150 °C case temp 
4. Daiato linoarly to 150 °C trae ace tem: 
8. This rating »§ based on the capability o 
OV. As 


Von2" ~O.9 92 Veg = 10 V. Energy Sig 7L/2. 
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BD245, BD245A, BD245B, BD245C 


electrical characteristics at 25 °C case temperature 


8D245 BD24SA 8D245B8 8D246C 
PARAMETER MIN MAX MIN MAX MIN MAX MIN MAX OMIT. 
ViBRICEO t¢=30maA, tg = 0, 45 60 80 100 v 
See Now 6 
IcEO Vee © 30V. Ig 20 07 07 ‘< 
Voce = 60V. ) 0.7 0.7 
lees Vee 745 Vv. Vee =0 04 
Vee * 60V. Vee -0 0.4 ae. 
Vce « 80V, Vee «0 04 
Vce 7 100V, Vee 0 04 
lego Veaesv. Ie =0 1 1 1 1 mA 
hee Voce "4. len 1A. 40 40 40 40 
SeeNoms6and? Ic *3A 27 ra) 2 2 
Vee e4v. le 10a 4 4 4 4 
See Nores 6 and 7 
Vee Vce e4v. ig 23a. 16 16 16 160 4#2OV 
See Notes 6 and 7 
Vee c4v, Ig 210A 3 3 3 3 v 
Ses Notes 6 and 7 
VCE (nat) IpeOJA, toed A, ’ 1 1 1 v 
See Notes 6 and 7 
Ig 225A, Io = 104, 4 4 4 4 v 
See Now: 6 and 7 
Ne Vee 10V. Ig 205A, 2 20 20 20 
te lke 
hue! Vee s 10v, 1g *O.5A, 3 3 3 3 
fe 1MHs 
NOTES. 6. These oarameters mutt De measured using ulse techniques. ty, > 300 Us, duty cycle G2 % 
7. Trene param 3 Be MELO with voi tage ening Contects separate Irom ihe current-carrying contacts. 
thermal characteristics 
PARAMETER MAX UNIT 
Rguc dunction-t0-Case Thermal Resistance 1.56 ociw 
Rosa dunction-to-FreeAir Thermal Resisience 42.0 
switching characteristics at 25 °C case temperature 
PARAMETER TEST CONDITIONS * Tye UNIT 
ton ler da, Iga) 0.1 A, 1g12) = -0.1 A, 0.3 is 
loit Veet 3-7V. Ay = 2022. See Figure 1 1 


* Voltage end Current value shown are nominal: exact values vary slightly with transistor parame: 
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FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH BD245A-C 


80 W at 25 °C Case Temperature 
e 10A Rated Collector Current 
e Min fy of 3 MHz at 10 V, 500 mA 


mechanical data 


380 | 0.05-— 


210 - 0.05 
rmaroy 


= 6.99 100 
“Or 


AL dinenon9 ara mm 


absolute maximum ratings at 25 °C case temperature (untess otherwise noted) 
BD246 8D246A BD246B 80246C 


Collector-Emitter Voltage (Age = 100 $2) be Ss Ae de A at et SEV -70V -90V -115V 
Collector-Emitter Vottage (See Note1) . . . . . 1. ee ee 4 -60V —80 V -100 V 
Emitter-Base Voltage 2. 1) we ee -5V = 
Continuous Collector Current 2 7 1 ee ee ee -10A = 
Peak Collector Current (See Note2) 2... ee ee ee ee -15A > 
Continuous Base Current. . se. in a “3A = 
Sate Operating Region at (or below) 25 oc Case Temperature aac” yb a; OSS See Figure 5 > 
Continuous Device Dissipation at (or below) 25 OC Case 

Temperature (See Note3). . . - . a See 80 W = 
Continuous Device Dissipation at (or below) 25 oc Free: Air 

Temperature (See Note 4). . . . . wpe: Boe NS 3Ww > 
Unclamped Inductive Load Energy (See Note 5) Ste. aah tie 62.5 mJ - 
Operating Collector Junction Temperature Aange . 2. 2 2 ee ee —65 °C to 150 OC ~ 
Storage Temperature Range . . . thactes Bee eae ps, oes —65 9C to 150 9C = 
Lead Temperature 1/8 Inch from Case for 5 Seconds ee ee 250 9C * 

NOTES This valug applies when the bate omittar dade 1s Open circuited. 


This vatue applies for ty, 0.3 ms, duty cycle G10 %. 

Deratey tinoarly 10 150 SC cas temperature at the ta1e of 0.05 W/°C. 

Datato linearly to 160 OC tree a temperature at the cata of 28 mw/OC. 

Thus cating 19 bated on the cepebiity of ine tranuiios 10 operate safely in the circum of Figure 2. L = 20 mH. Rag, ~ 100 2. 
Vu02 "OV. Ag 0.92 Vee = 10. Energy = 1/2 Ie ?L/2. 


oa UNS 
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BD246, BD246A, BD246B, BD246C 


electrical characteristics at 25 °C case temperature 


BO246 802464 6D246B Bp246c 
PARAMETER TEST CONDITIONS. MIN MAX = MIN. MAX = MIN: MAX = MIN| MAX UNIT 
ViBRICEO I¢ = -30 mA, Ig = 0. 45 -60 -80 -100 v 
See Note 6 
lceo Vege = -30V, tg 70 -0.7 -0.7 Pye 
VcE*-60V, Ig *0 -0.7 -0.7 
Ices oVcE + 45. Vee <0 -0.4 
Veg © -60V. Vee *0 -0.4 mA 
Vee = -80V, Vee °0 -0.4 
Vces-100V. Vge*0 -0.4 
leBo Veg" -5V. I¢20 -1 -1 -1 -1 mA 
BEE Vce*-4V. Ige-1A 40 40 40 40 
Vee = -4V. Ie -3A 2 2 20 20 
Vee s-4V. Ic =-10A 4 4 4 4 
See Notes 6 and 7 
VBE Vce=-4V, I¢* JA, -1.6 -1.6 -1.6 -16 
See Notes 6 and 7 % 
Voces -4V. Ie = -10 A, -3 -3 -3 -3 
See Notes 6 and 7 
VCE (ea) Ig 0.3 A, Ios -3A, -1 -1 ~1 -1 
See Notes 6 and 7 v 
Ige-2.5A, Ig = -10A. 4 4 -4 “4 
See Notes 6 and 7 
Me Vee * -10V, Ic = O54, 20 20 20 20 
ted kHz 
Intel Voce *-10V. le = -O5A, 3 3 3 3 
fe. MHz 
NOTES: 6. These parameiens must be measured using pulse techniques. ty = JOO Hs, duty cycle G2 %. 
7, These perameies are meatsred with voltage- sensing Contacis separate trom the current-carrying Coniects. 
thermal characteristics 
PARAMETER MAX UNIT 
Rose dunction-10-Case Thermal Resistance 1.56 ocw 
Rosa dunction-to-F ree-Air Thermal Resistance 42.0 
switching characteristics at 25 °C case temperature 
PARAMETER TEST CONDITIONS * TYP UNIT 
lon Ie#1A, tpq3) = 0.1 A, Ip(2) = 0.1 A. 0.2 ps 
otf Veetoit) "3.7V, AL > 2022, See Figui 0.8 


* Voltage and current values shown ere nomsnal; erect values vary slightly with transistor Daramelers. 
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TEST CIRCUITS 


Dissipation deraling curve 
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FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH BD2S0A-C 


e 125 W at 25 °C Case Temperature 
25 A Rated Collector Current 
e Min fz of 3MHzat10V,1A 


mechanical data 


Ad dmenscns arom inn 


absolute maximum ratings at 25 °C case temperature (unless otherwise noted) 
BD249 801494 8D249B BD249C 


Collector-Emitter Voltage (ABE =1002) . . . . .. . . . . SEV 70V 90 Vv 115V 
Collector-Emitter Voltage (SeeNote1) . . 2. . . . - ee ws 45V 60V 80 V 100 V 
Emitter-Base Voltage 0 6 ww ee 5Vv - 
Continuous Collector Current 2. . 2. 2 wee edo Bs ee 25A =e 
Peak Collector Current (See Note 2) = 40 A > 
Continuous Base Current. . . hora; tee oy Se 5A = 
Sale Operating Region at (or below) 25 oc Case Temperature - See Figure 5 ~ 
Continuous Device Dissipation at {or below) 25 °C Case 

Temperature (See Note 3) . : s 125 W ~ 
Continuous Device Dissipation at (or below) 25 oc Free. Air 

Temperature (See Note 4) . <= 3.0 W bad 
Unclamped Inductive Load Energy (See Note 5) = 90 mJ a 
Operating Collector Junction Temperature Range . - —65 °C to 150 OC ~ 
Storage Temperature Range z ; - —65 °C to 150 9C * 
Lead Temperature 1/8 Inch from Case tor 5 Seconds . as 250 °C * 


NOTES: 1. This value appiios whon tha base-emitier dade ls open-circulted. 
2. This value applies tor yy GO.3 ms, duty cycle S10 %. 

J. Derote linearly to 190 OC case tempurature at Ine rate of 1 W/OC. 

4, Derate linearly 10 150 °C free-air temperature at the rate of 28 mW/°C., 

6. Tha rating 14 based on the copabilny of the transistor to operate safely In the circuit of Figure 2. L = 20 mH. Rag, > 100 22, 


Vou2 ~ OV. As + 0.192, Veg = 10 V. Energy Pg °L/2. 


PHELIMINARY DATA SHEET 
Supplementary data may be 
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BD249, BD249A, BD249B, BD249C 


electrical characteristics at 25 °C case temperature 


80249 BD249A 802498 80240C 
PARAMETER TEST CONDITIONS MIN MAX MIN MAX MIN MAX MIN) MAX UNIT 
ViBRICEO Ie = 20 mA, Ig = 0, 45 60 80 100 v 
See Noie 6 
IcEO Vce * 30V. Igo 1 1 = 
Vce * 60V. ipo 1 1 
lees Vee = 45V. Vee 0 07 
Vce *60V. VeE°0 07 a 
Vee * 60, Vee +0 0.7 
Vce * 100V. Vee <0 0.7 
tepo Vepesv. Ic 20 1 1 ' 1 mA 
bre Vee s4v. Ios LSA 25 25 7 25 
Voces 4, Ig +258 5 5 6 5 
Vee s4v. les 15A 10 10 10 10 
See Notes 6 and 7 
VBE Vcer4v. Ic 2 ISA, 2 2 2 2 
See Notes 6 and 7 J 
Vee e4v. Ig = 25 A, 4 4 4 4 
See Notes 6 and 7 
VCE tsa) Ipr 15A, Ice 15a, 18 1B 18 1a 
See Noves 6 ona 7 7 
Ig? 5A. Ic #254. 4 4 4 4 
See Notes 6 and 7 
hte Vee + 10. Ie ta, 25 25 25 25 
fe Tare 
Imtel Vee * 10V. igs VA, 3 3 3 3 
{= 1MHe 


NOTES 6 Treen Bmott De measred using pulse techniques. ty + 300 Hd duly cycle G2 % 
7. These parameters ae Meassted wth voltage secuing contacts separate [rom the current Carrying CONTACTS. 


thermal characteristics 


PARAMETER MAX UNIT 
RAbsc Juncion-to-Case Thermal Resistance 1 ocw 
Rosa dunction-to-F ree-Air Thermal Rewsionce 42 


switching characteristics at 25 °C case temperature 


PARAMETER TEST CONDITIONS * Tye UNIT 
ton Ign SA. tai "SA. 'gt2) > SA. 0.3 bs 
lott Veetomn =" -S¥. RL =52. See Figure 1 0.9 


* Voliage and current values thown are nomunal, exact values vary shghtly with trantstor paremel 
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FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 8D249A-C 


© 125 W at 25 °C Case Temperature 
e@ 15 A rated Collector Current 
e Min fr of 3MHz at 10V,1A 


mechanical data 


mas 01 


feo 


; ~ 699-005 
iad -o1 


SiS any Oren 


absolute maximum ratings at 25 °C case temperature (unless otherwise noted) 


BD250 BD250A 8D250B 60250C 


Collector-Emitter Voltage (Age = 100%) . . . . . . . . . - -55V -70V -90 V -115V 
Collector-Emitter Voltage (SeaNotel) 2... 2. 2 ee ee. 45 -60V -80V —100 V 
Emitter-Base Voltage . . . ee ae eee Sh Deane, Ca ate -5V 7” 
Continuous Collector Current 2 ww we ee oS -25A4 2, 
Peak Collector Current (See Note 2) 2 6. ee ee ee ee -40A ~ 
Continuous Base Current... Se -SA “ 
Safe Operating Region at (or below) 28 oc Case: Temperature ba ate aeyte See figure 5 ~ 
Continuous Device Dissipation at (or below) 25 OC Case Temperature 

(SeeNote3) . . . . fo ay 125 W bad 
Continuous Device Dissipation at (oF below) 25 oc ‘Free-Aic, 

Temperature (See Note 4). . . . . BO gee te Sp ic oe 3.0 W = 
Unclamped Inductive Lead Energy (See Note 5) hag ta gees nee ge, Om 90 mJ > 
Operating Collector Junction Temperature Range. 2. 2 2 2 eee OO —65 OC to 150 9C - 
Storage Temperature Range . . . a) oh a tie at -65 °C to 150 9C - 
Lead Temperature 1/8 Inch from Case for 5 Seconds Spake ter Be aed a 250 °C - 

NOTES Tha value applies when the baweemitter dlode is apen-circunted, 


’ 
2, This volue applies tor ty GO.I ms, duly cycle S10 %. 

J. Derate linoarly 1u 160 °C caso temperature at ihe rate of t wed, 

4 the rate of 2B mW/OC. 

s sstor 10 operate safely in the eeu tof Figure 2. 


Dorate lingurty 10 150 PC treeair tomporature 
This ranag 1s bared on Wie Capabiiuty of the tr 
20 mH, Aggy © 10052 Vag + OV. As 0.122. Veg ~ 10 V. Energy TieFus2. 
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electrical characteristics at 25 °C case temperature 


BO2750 BOZS0A 802608 BoO260Cc 
PARAMETER TEST CONDITIONS MIN MAX MIN MAX MIN MAX MIN MAX UNIT 
ViBRICEO tc = -J0 mA, Ig -0 45 60 —80 -100 v 
See Note 6 
Iceo Vee 2 -30V. Ig=0 ~1 -1 tA 
Vee = 60, a) -1 -1 
Ices Voces —45v. Vee “0 07 
Vee * -60V. Vee *0 0.7 aa 
Vee = -80V, VBE +0 0.7 
Veg *-100V. Vpe=0 -0.7 
leBo Veg*-5V. Ig*0 -) -1 -1 -1 mA 
hee Vee s 4. IG = -15A 2s a 3s 25 
Voce = ~4V, I¢*-15A 10 10 10 10 
VcE*-4V. io" -25A 5 5 5 6 
See Notes 6 and 7 
Vee Vee = -4V. Ig 2-15 A. -2 2% -2 -2 
See Notes 6 and 7 v 
Voces -4V. Ig + -25 A, 4 -4 4 4 
See Noms 6 and 7 
Vee (sa) Ip 2 -1.5A, Ie 8-154 -1.8 ~1.8 -1.8 ~1.8 
See Notes 6 ard 7 v 
Ig = -5A. Ie 2 -25A “4 ~4 4 -4 
See Notes 6 and 7 
Me Vee * -10V, ice -1A 25 25 25 2 
f=1kHr 
inte! Vee *-10V, Ig -1A 3 3 3 3 
t= 1MHe 
JOTES. 6, These parameters mus: De memured using pulte tecnniques. ty = 300 ps, duty cycle G2 %. 
7. These parameters are mestured wit voltageensing contacts taparete from the current-carrying contacts, 
thermal characteristics 
PARAMETER MAX UNIT 
R630 Junction-to-Case Thermal Resistance 1 ecw 
ROsA Junction-to-Free-Air Therma! Resistance 42.0 
switching characteristics at 25 °C case temperature 
PARAMETER TEST CONDITIONS * TYP UNIT 
lon Ic =-5A, Igtty=-O.5A. — Ipi2) OSA, 0.2 i" 
tott Veet "5V. RL e522 See Figure } 0.4 


+ Voltage and current values shown are nominal; exact values vary slightly wiih Irensstor parameters. 
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TEST CIRCUIT VOLTAGE AND CURRENT wAvEFORUS 


Dissipation derating curve max. safe operating area Te < 25°C 
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(Formerly X833 Series) 


High Voltage Rating — VcEx up to 900 Volts 
High Current Rating — 6 Amps Peak 
Low Saturation Voltage at 3 Amps — 0.6 Volts typ. 


Fast Switching t¢ at 3 Amps — 300 nano Sees typ. 
fy — 25 MHz typ. 


development types 


Transistor Series 8D253 is intended for use in switching mode power supplies and inverters. ft features high voltages 
and fast switching times. 


mechanical data 


Testpont lor 
Caso temp 


All amensons aro mm 


absolute maximum ratings (Tease = 25 °C) 


80253 BD253A BD253B 8D253C 
500 V 700 Vv 900 Vv 
500 V 700 V 900 V 
250 V 300 V 400 V 


Collector-Base Voltage (Ig 20) . oa - 
Collector-Emitter Voltage (-2 > Vag > -8 v) 
Collector-Emitter Voltage (Ig =O) . 


aso Vv 

350 V 

200 Vv 
Emitter-Base Voltage 4 A Gees a 8Vv BG 
Collector Current (Peak see Note 1) aT. 6A ea 
Collector Current Continuous we 4a Bs 
Base-Current Continuous . “¥ 3A 3 
Total Dissipation (VcE < 25 V) See Note 2 . = 50 WwW 7 
Operating Junction Temperature oz —65 OC to +175 OC Re 

- —65 9C to +175 OC oe 


Storage Temperature 


NOTES: 1. Pulso Width © 1 ms. Outy Cyclo S25 %, 
2. Reter to Figures 1 and 3 


a EE 
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NPN SILICON POWER TRANSISTORS 


electrical characteristics (Tease = 25 °C) 


PARAMETER TEST CONDITIONS TYPE MIN TYP MAX UNIT 
'cB0 Co.lector Bowe Veg = 350. Ig -0 BD253 2 
Leakage Current Vg * 500 v. 1e*0 BO2534 2 a 
Veg = 700 V. ig =0 BD2538 2 
Yea” soo v. te 20 BD253C 2 
Ioex Coletor-Emitter Vee © 350V. Vee--2V 80253 2 
Leakage Current Vee 7 SOV VBE *-2Vv 802534 2 mi 
Veg = 200V. Veg "-2V 802538 2 
Vee 7 900V Vee *-2V 8D253C 2 
LVcEeo Cotector-Emitter 1¢ = 100 mA. Ig 20 80253 200 
Latch.ng Valion® Se Note 3 80253A 250. v 
802538 300 
80253C 400 
LVcER Cottector-Emitre le = 100 ma. Rge - 1002 80253 300 
Larch ng Vo-top Sv Note3 8D253A 350 Vv 
60253B 400 
80253C 500 
ViBRIEBO Em tie Baw Z 7 
Breas down Vortsp? le 1m A: 'c°0 Aly 8 ¥ 
ME OC Gan ten la. Veer4v au 15 50 
S2 Note 3 
NEE OC Gir leeJA. AN 5S 10 
VCEtau Coliector Em. . ‘ 
Saturation Vo taze Iona. an be ee bd 
VBE tt) Bon beutise) Sev Note 3 All as 12) 
ation WO'tagy 
VCEtwot Cotector Emitter 
Saturation Vortg: (e239. Igela All 6 20 Vv 
Note 3 
VBEtan Bare: Emitter Se All 1) 46 0°V 
Saturation Voitage A 
ty Transition Frequency ie = 025A. Vce* 10V Au 15 25 MH? 
t= 10 MHz 
I Jurctign to Cau: Ps 
Trectmal Avsittarce All 2 3 cat 
U Collector Current 
i Ea Time Iced A, Ipion) STA Alt 03 1 Bs 
Blot TA. vce“ GOV 
ts Storage Time All 1.006 62 bs 
ton Tota: Turron Tir All 0.6 LS ua 


NOTE 3: Pulsed Test Pulse Ouration © 300 ps. Duty Cycle 2 %. 
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FORWARD BIASED SAFE AREA OF OPERATION, 0.C. 
AND SINGLE NON-REPETITIVE PULSE. 
CASE TEMPERATURE 25 °C 


FIGURE 1 


TYPICAL VARIATION OF O.C. GAIN WITH COLLECTOR 
CURRENT. CASE TEMPERATURE *25 °C DISSIPATION DERATING CURVE 


Power Mating 


Carte Gee ines) 


Collector Current (amps) 


FIGURE 2 
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BD410 
NPN TRIPLE DIFFUSED SILICON TRANSISTOR 


Tw71 


AF-AMPLIFIER FOR HIGH SUPPLY VOLTAGE 


Control Circuits 

Vertical-Output Stages in TV-Sets 
General Purpose Application 
Vcer typ. 450 V at Ree = 1k 
hee typ. 60 at I¢ = 100 mA 

Prot = 20 W 


These components are tested according to the appropriate test method of MIL-STO-750. By special agreement, they can 
also be tested additionally to MIL- or DIN-specifications. 


mechanical data 


Al demnenvons are mm 


absolute maximum ratings at 25 °C free-air temeperature (unless otherwise noted) 


Collector-‘Base Voltage. . . . Br te aptec var gal et, See Zar fay hh dA oe Ma Gr Mer Se $00 V 
Collector-Emitter Voltage (See Note m a % 2 Mg Raw 2 ORE Soh ty, Guana So tar Sen Ghee 325 V 
Emitter-Base Voltage 2. 2. we ee ee by ee a at tee Ee cane ae §V 
Continuous Collector Current 26 6 we ee ee 1A 
Peak Collector Current. . . ieee we “os ee a 8 154 
Continuous Device Dissipation at ‘(or below) 25 °c Free. Air “Temperature (See Note 2) fats Je Bi eee 1.25 W 
Continuous Device Dissipation at (or below) 25 OC Case Temperature (SeeNote3) . . . . - 20W 
Storage Temperature Range . . . as dana ie, Min Aa ee So od Sea ed Mend SESS 58 °C to 125 9C 
Lead Temperature 1.6 mm from Case for 10 Seconds . or by Sa be se She Vac Sigs RS an 2 260 °C 


“OTLS. 1 Ths value apples when the base emiiter diode « open citcuted 
2. See Dower dissipation dragram. 
3 Soe Power ditspation dragram, 


ee a 
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BD410 
NPN TRIPLE DIFFUSED SILICON TRANSISTOR 


electrical characteristics at 25 °C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
Viaricao Collecior-Base Brescdown Voltage I¢=SOOWA tg - 0 500 v 
VIBRICEO Collector-Emitier Breaxdown Voltage Ig = 10 mA. Ips 0 See Note 4 325 Vv 
ViIBRIEBO Emtter-Base Breakdown Voltage lg <SOHA, Ig = 0 5 v 
Ices Collector Cuto# Current Vee *300V. tg-0 100 pA 
hee State Forward Curent Tranifer Rato Vee > 10Vv. los SmA 25 #55 
Vces10V. I¢=50mA 30 60 240 
Vce*t0V, I¢=100mA 20 «60 
Vee Base-Emitter Vottage Ige10mA. ic = 100mA ms Vv 
VCE (480) Collec tor-Emutter Saturation Voltage tg 2 10mA, 1¢ = 100 mA 0.5 Vv 
¢ Common.Base Open-Cercuit e a =, 
‘obo Output Capacitance Vea = 10V, te =0, t= 1MHz $s DF 
Cc Common-Base Open-Circurt ‘a * 
ybo Input Cagscrt Veg? OSV. Ie“ O, t= 1MHz 90 pF 


NOTE 4 These parameters must De meas_red Using Dulte techa-auet tp * 300 bs, duty cycle 2% 


Te (Vee), 
'g = Parameter 


A 3%! 
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BD410 
NPN TRIPLE DIFFUSED SILICON TRANSISTOR 


. YCER 
Prot = (Te. Ta), YCERN “Veo 
Ic 205A 


Tc =10mA 


Cop = 1 (Veg), 


lg =0, ies ee 
t=) MHz 

200 
pF 
150 
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50 
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PRELIMINARY BD633, BD635, BD637 
NPN EPIBASE POWER TRANSISTORS 


873 


Amplifier 
Switch 
Complementary Output Stages 
Complementary with 8BD633, BD635, BD637 


mechanical data 


AR denensons are in mm 


absolute maximum ratings 


BD633 80635 BO637 


Cotlector-Emitter Voltage . ay ote oe foo Gey Sth Sh el Se ee oe a “OEY 60V 80 Vv 

Collector-Base Voltage. 2. 2. 7. ee ee ee ee ee ee ABV 60V 100 V 

Emitter-Base Voltago © |. |. Sv = 
Continuous Collector Current 2. wt = 2A = 
Peak Collector Current. 2. 2 2 1. oh ie Be Na de Ba ages Uap SE ee SA mn 
Continuous Base Current | we O.3A = 
Junction Temperature 2. 2 we ee - 150 OC bad 
Storage Temperature Range . |. ee ee ee ee ee ee 2 G5 OC to +150 OC cad 
Device Dissipation (Tc < 25 9C} (See Note 1) ae Se ke pe By ad ae 2. e Ww - 
Collector Junction to Case Thermal Resistance. . . a Sete ee 4.17K/W =, 
Continuous Device Dissipation at 25 °C Free Air Temperature (See Note 2) a ed 2wW - 

NOTES 1 Derste) ly to 150 SC case temperature at a rate of 0 24 W/°C. 


2. Ocerar 


ly 10 150 SC ¢ 


ure at arate of 16 mMW/OC. 
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BO633, BD635, BD637 
NPN EPIBASE POWER TRANSISTORS 


electrical characteristics at 25 °C free-air temperature 


PARAMETER TEST CONDITIONS 80633 BD636 8D637 UNIT 
VIBRICEO Colleetor-Emitter Breakdown Voltage 1¢ = 30mA >4s >60 > 80 Vv 
ViIBRICBO Collector-Base Breakdown Voltage ig = 100 pa >45 >60 > 100 Vv 
VIBRIEBO Emitter-Base Breakdown Voltage igs 1mA >s >s >5 Vv 
Ices Collector Cutoff Current Vee = 45V <200 LA 
Vee *60V <200 pA 
Vce > 100V <200 HA 
VCE(st) ——Collector-Emutter Saturation Voltage Igt la. IpeO.ra <o6 <o6 <06 Vv 
VBE Base-Emitter Voltage IG 1A, Voce 22V <130° <13°° <13 Vv 
bee Smgil S.gnal Common-E miter Vee *2V. I¢= 25mA >40 >40 >40 
Forward Current Transfer Ratio Vogt 1a Ice 1A > 25 >25 > 25 


ra NS 
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PRELIMINARY BD634, BD636, BD638 
PNP EPIBASE POWER TRANSISTORS 


Amplifier 

Switch 

Complementary Output Stages 
Complementary with BD633, BD635, BD637 


mechanical data 


=~ 6.99 +00 = 
-07 


Al men yons aro imm 


absolute maximum ratings 
BD634 BD636 80638 


Collector-Emitter Voltage. . . Fede Nat ees ah. LAD se Sy ee aa ee NM -60V —b80V 
Callector-Base Voltage . . . Beige ie ar” Merton Au pies Ma Pog 8) nd, ac MV! -60V -100V 
Emitter-Base Voltage -5V 7 
Continuous Collector Current a -2A a 
Peak Collector Current . ba —SA ‘ 
Continuous Base Current = 0.9 A a 
Junction Temperature . = 150 °C ms 
Storage Temperature Range + 55 °C to 150 °C = 
Device Dissipation (Tc < 25 9C) (See Note 1) . bs 30 W “ 
Collector Junction to Case Thermal Resistance . a <4.17 KW Bs 
- 2w > 


Continuous Device Dissipation at 25 SC Free Air Temperature (See Note 2) 


NOTES 1 Derate tinserty to 150 OC case tempersture at a rate of 0.24 W/PC. 
2) Derate tingarly 10 150 OC tree air temperature at 8 rate of 16 myv/OC. 


te ET 
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BD634, BD636, BD638 
PNP EPIBASE POWER TRANSISTORS 


electrical characteristics at 25 °C free-air temperature 


PARAMETER TEST CONDITIONS 60634 BDe3s § eDese UNIT 
VIBRICEO Collector-Eminer Breakdown Voltage Ig = -30 mA >-45 >-60 > -80 Vv 
V(BRICBO Collector-Base Breakdown Voltage te = -100 pA >-45 >-60 >-100 v 
ViBRIEGO Emuter-Base Greakdown Voltage lg = -1 mA >-5 >-s >-5 Vv 
ICES Collector Cutoff Current Voce - 45V <-200 BA 
Vee * -60V <-200 A 
Voce * -100V <-200 HA 
VeEfsa) —— Collector-Emnitter Saturateon Voltage les -1A, Ig=-O.1A <6 <-06 <-06 Vv 
v Bae Emitter Voltage s Vv 
hee Small Signal Commor- Emitter Vee" -2V.  i¢*-25mA >40 >40 >40 


Forward Current Transfer Ratio Voce" -2V.  ice-1A >35 >25 >25 


Sf SS 


TEXAS INSTRUMENTS 
2:74 


PRELIMINARY BD733, BD735, BD737 
NPN EPIBASE POWER TRANSISTORS 
HIGH GAIN GERMANIUM REPLACEMENT 


Car and Portable Radio 
© Complementary Output Stages 
@ Complementary with 80734, BD733, BD738 


mechanical data 


699 00 
701 


Al dmensions aren mm 


absolute maximum ratings 


8D733 BD735 BD737 


Collector-Emitter-Voltage. 2 2 6 6 ee ee ee ee EV 35 V 45V 

Collector-Base-Voltaga. 6 6 6 we ee ee ee BEV 35V 4sv 

Emitter-Base Voltage 2 6 1 wk 5V > 
Continuous Collector Current . . tee oahg ae 2 ER ache apt iee ee te Se Macatee) 4A bad 
Peak Collector Current . a TA > 
Continuous Base Current = TA ad 
Junction Temperature . - 150 °C bad 
Storage Temperature Range + —55 °C to +150 9C iad 
Device Dissipation (Tc < 25 °C/Vce bd 10 v, See Note 1 = 40 W iad 
Collector Junction to Cate Thermal Resistance . + <3.12 K/W * 
Continuous Device Dissipation at 25 °C Free Air Tomperature (See Note 2) = 2W ~ 


MOTES 1. Oeratetineariy to 160 °C cose temperature at a rate of 0.32 W/PC. 
2, Derata tinearty 10 160 °C tr: rate of 16 mW/PC. 


a 


PRELIMINARY DATA SHEET 
Supplementary data may be 


Dubliuhed at’ a later dots. TexaS INSTRUMENTS 2-75 


BD733, BD735, BD737 
NPN EPIBASE POWER TRANSISTORS 


electrical characteristics at 25 °C free-air temperature 


PARAMETER TEST CONDITIONS 80733 80735 80737 UNIT 


ViBRICEO Collector-Emiuter Breakdown Voltage Ie + -30 mA 25 36 45 v 
ViBRICBO Collector-Baw Breakdown Voltage Ig = -100uA 25 35 45 v 
VipRIEBO Emntter-Baw Breakdown Vottage igs ima 5 5 s v 
Ices Collector Curoft Current Vee = 25V <200 HA 
Vee cI5V <200 MA 
Voce «45 <200 MA 
VcE(sat) —_- Cotlector-Emmtter Saturation Vo:tage I¢= 2A, ge O.2A <o6 <06 <o8 Vv 
VBE Base-Ematter Voitage Ice 2A. Vce71V <a <i <a, Vv 
DFE Small Signal Common-Emitter Vogt 4V. Ic = 20mA >40 >40 >40 
Forward Current Trantter Ratio Veesty. lee 2A >50 >40 >40 


a I I TT 


TEXAS INSTRUMENTS 
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PRELIMINARY BD734, BD736, BD738 
PNP EPIBASE POWER TRANSISTORS 


HIGH GAIN GERMANIUM REPLACEMENT 


@ Car and Portable Radio 
© Complementary Output Stages 
¢ Complementary with BD733, BD735, BD737 


mechanical data 


609 -c0— 
“Or 


Ad Omen: cna fren mm 


absolute maximum ratings 
80733 BO735 80737 


Collecior-Emitter Voltage. 2 6 we ee ee ee ee ee we BBV -35V -45V 
Collector-Base Voltage. 6. eww ee ee ee HBV -35 Vv -45V 
Emitter-Base Voltage 2. 6 ee -SV > 
Continuous Collector Current 2. ww ee a¥as -4A bad 
Peak Coilector Current. 2 6 6 ee ee ee -7A bad 
Continuous Base Current By hs SR ie es cen Ae ime a 7a EB ae a Bly pe oe, = -1A > 
Junction Temperature . bee 150 9C =, 
Storage Ternperature Range - -S5 °C to +150 °C > 
Device Dissipation (Tc < 25 °C) VCE . 10 v (See Note n. oe 40w * 
Collector Junction to Case Thermal Resistance . a az <3.12 K/W = 
Continuous Device Dissipation at 25 OC Free Air Temperature. = 2w sf, 


NOTES: 1. Derate linearly to 180 OC case temperature at a rate of 0.32 W/TC. 
2. Derate tinearty ta 150 SC free sic temperature at orate of 16 mY/OC, 


ea 
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BD734, BD736, BD738 
PNP EPIBASE POWER TRANSISTORS 


electrical characteristics at 25 °C free-air temperature 


PARAMETER TEST CONDITIONS 80734 80736 80738 UNIT 
VIBRICEO Coilector-Emitter Breakdown Voltage Ig = -30 mA -25 -35 -45 v 
ViBAICBO Collector-Bawe Breazdown Voltage Ie = -100pa -25 -35 ~45 v 
ViBRIEBO Emitter-Bave Breakdoun Voltage Ig» —Imar -5 -5 -5 v 
Ices Collector Cutoff Current Voce -25V <-200 uA 

Vce*-35V <-200 HA 
Vces -45V <- 200 BA 
VeEtun —- Collector-Emitter Saturation Voltage Ie* -2A. Ig -O.2A <0.6 <06 <0.8 Vv 
VBE Base-Emitter Vo‘tage Ios -2A. Voges -tv <out <-t1 <s v 
hee Small Signa! Common-E mitter Voce x -4V. Ie = -20mA >40 >40 > 40 
Forward Current Trantter Rlat:o Veer -1¥, Ics -2A >50 >40 > 40 


a 
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BDX31 
NPN SILICON POWER TRANSISTOR 


172 


Designed for High Voltage C.A.T. Scanning 

Vcex Rating 2200 V 

Current Rating — 4 Amps Continuous — 5 Amps Peak 
Fast Switching — t¢ at 3.5 Amps 0.7 Microsecond Typical 


mechanical specification 


460m 


Al amensons aren mn 


absolute maximum ratings at 25 °C ambient temperature 


Collector Base Voltage (Peak see Note 1) 


aes 2200 Vv 
Collector Emitter Voltage (Peak see Note 1) Vep72V. selég, ah Jet haya See 36 2200 V 
Collector Current Continuous a Bee We, Wal cle ese Moh Bn Se pare Bs phe, Tega shh cae Gaby Se, 4.0A 
Base Current Continuous . Ge 2h tam otra Gots cesta verte te SS, we 404 
Total Dissipation (VoE < 100 V, Tcasa < 80 °C) See Figure 1 12.5 W 
Total Dissipation at 26 °C Case, See Figure 1 40 W 


Operating Junction Temperature 


—65 9C to +100 9C 
Storage Temperatura 


—-65 °C to +100 9C 


NOTE 1 Pulse Wigth G20 fis. Outy Cycle G26 %. 


EY 


PRELIMINARY DATA SHEET 
Supplementary data may be 


buliighed at a tater alate. Texas INSTRUMENTS 2-79 


BDX31 
NPN SILICON POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

'CEX Collector-Emitter 3 ae 

Leskege Current Vee * 2200V. Vee 2V. See Note 1 1.0 mA 
VigRIEBO Emutter-Base Breskoown Voltage lg = VOOmA, Ic +0 5 v 

Collector-Emuter 
Vee (xt) Saturation Voltage Ice 3 5A, iBr2A See Nore 2 5 
VBE (sat) Base-Emitier Saturation Voltage Ic 2 3SA, Ig-2A See Note 2 1s Vv 
y Collector Current Fat! Time Ie =A. Inton) "1-54, loloftye PIA 0.7 his 


NOTES. 1. Pusewotn S20 hs Ovty cycle S25 % 
2. Pulse Tent. Pulse a mn © 300 pt ty evcte S28 
This test must Dem: od w tm te & Contacts separate trom carrying COMtactS 


DISSIPATION DERATING CURVE 


63 Ee ee 7 


Desa:paticn (watts) 


Cove lerowonse (*C) 


FIGURE 1 


a a a ee eee 
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BDX32 
NPN SILICON POWER TRANSISTOR 


172 


DESIGNED FOR HIGH VOLTAGE C.R.T. SCANNING 


VCEX rating 1700 V 
e Current Rating — 4 Amps Continuous — 5 Amps Peak 
e Fast Switching — t¢ at 3.5 Amps 0.7 Microsecond Typical 


mechanical specification 


Casa temp 


Armen 663 ate nim 


absolute maximum ratings at 25 °C ambient temperature 


Collector-Base Voltage (Peak see Note 1)... . Sang teanys Ube Drtel aplele Ja, 6: bla ge 1700'V 
Collector-Emitter Voltage (Peak see Note 1) Veg =2 Vv. a adboal, Mes GON Medan plete Tey Santee ee Bh a 1700 V 
Collector Current Continuous. ee ee ee AOA 
Base Current Continuous . . Oy. cdma ca oe Pare see ee ew ew 400A 
Total Dissipation (Vcg *& 100 V, Teas < 80 ‘0c) See Figure 1 se AS he asad gare: Be Gee ey Ae eae ol IEW 
Total Dissipation at 25 9C Case See Figure? . © 6 6 / ee ee ee ee ee » . . 40W 
Operating Junction Temperature 2. 7 ee ee ee reat aye ow te MS 65 °C to 100 9C 
Storage Temperature beg he oe ee Gs eo dh, ce ce a Go es AO a. A 6B OE 1010006: 


NOTES 1. Pulto Width G20 ps. Duty Cycla S20 % 


a 


PRELIMINARY OATA SHEET 
Supplomantary data may be 


Gublished St a latent ate. TEXAS INSTRUMENTS 2-81 


BDX32 
NPN SILICON POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS _MIN TYP MAX UNIT 
leex Collector-Emitter Leakage Current Vce* 1700V. Vag = -2V See Note | 1.0 mA 
V(BRIESO Emitter-Bowe Breakdown Voliage ig =100mA, Ip =0 5 v 
VCE (191) Collector-Emutter Saturation Voltage Io #354, igr lea See Note 2 5 v 
VBE leoth Bate Emitter Saturation Voltage ies 3SA, Ige 18a See Note 2 Ss v 
" Collector Current Fall Time Ie 235A, Igton) © 1.8 A, 1 “11a 0.7 bs 

c Bion} Biofth 


NOTES. 1. Pulse widtn 520 ps. Duty Cycle S 28% 


2. Pulse Test. Pula Duration © 300 ps. Duty Cycie SZ. Ths test must be measured with vollage tenting contacts teparete from 
carrying contacts. 


DISSIPATION DERATING CURVE 


[seipation (watts) 


Case Temperature (°C) 


FIGURE 1 


SRT 
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BFY390 
NPN EPITAXIAL PLANAR SILICON TRANSISTOR 


769 


FOR LOW NOISE UHF/VHF AMPLIFIER AND OSCILLATOR APPLICATIONS 


Guaranteed Low Noise Figure — 5 dB Maximum at 500 MHz 
Guaranteed Gain Bandwidth Product — 1-5 GHz 
Guaranteed rp ‘C. — 12 pSec. Maximum 

Guaranteed Output Power — 175 mW at 500 MHz 


mechanical data 


mea 127 en ——— 


= ; 0.482 — 


| proapsom 


S889 


Gato 2 


Oran = 


All gmensons aro in mm 


absolute maximum ratings at 25 OC free air temperature (unless otherwise stated) 


Collector-Base Voltage... ee tae oN Sa aa oe, eo aT GA Pa eB ek en ea a ard 30V 

Collector-Emitter Voltage (See Note 1) GA Ey otar GAAS gle cies, coy REO SAE ra, Ra Sas Sade, Sea oe has et ELEY 

Emitter-Base Voltage. BE Se Tae Se he I. BO ake Ce EL SA a ee a ng eet a IO 

Collector Current 2... Boh ee 50 mA 

Continuous Device Dissipation at “tor below) 25 oc. Free Ais “Temperature (See Note 2) WP ae » . 200 mw 

Storage Temperature Range 2. - we ee -65 °C to +200 9C 
MOTES 1. Thit value apolies when Ig-Qlen 10 mA 


2. Derate linearly ta 200 PC a1 1.14 mW/OC 


ge EE 


PRELIMINARY DATA SHEET: 
Supplementary data may be 
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BFY9O 
NPN EPITAXIAL PLANAR SILICON TRANSISTOR 


electrical characteristics at 25 °C free-air temperature 


PARAMETER TEST CONDITIONS MIN MAX UNIT 
VBRICBO) Collector-Base Breacdown Voltage I¢ = 10 pA, Ig =0 30 v 
VBRICEQ) Collector-Emirer Breakdown Voltage Ic¢ = 10mA, Ig-0 See Note 3 15 v 
VeRiEBO) Emitter-Bate Breakdown Voltage tg = 10 yA, ie+0 2s v 
lego Collector Cutoft Current Veps sv. Ig 20 10, nA 
Ices Collector Cutoff Current Vee" 15V. Vpe=0 10 WA 
; Vce"tOV, Ice2mA 25 ~«+150 
HEE Static Forward Current Transfer Ratio Vee 1.0V. Ins 25mA 20 128 
Vee = SV. c= 2mA 1 GHe 
tad Transition Frequency Vee «5V. IG = 25 mA See Note 4 19 GHz 
Veep 10V, t=O. t= 1 MHz z 
Cre Collector Capacitance See Note 5 18 p 
Cre Emitter Capacitance VegpeOsSv. ic=0, f= 1MHz 1.0 pF 
Cre Feed-pack Capacitance Vee cS, to = 2mA, f= 1 MHz 0.8 oF 
“ : Vep7SV. fe = 2mA, f° 10.7 MHz 
tp'Ce Collector-Base Time Constant See Note 4 2 12 pSec. 


NOTES 2 Thee paramerers mutt be memured utng pu te techaques PW = JOO fs Outy Cycle G2 % 
4. The fourth tead (Cate) grounded 
5. Tne fourth lead (Cone? Noating 


operating characteristics at 25 °C free-air temperature 


PARAMETER TEST CONDITIONS MAX UNIT 
NF. Noise Figure Veessv See Note 4 
Ios 2mA 
f= 100 KHz Optimum Ag 4 a6 
f = 200 KHz Optimum 29 35 08 
{= 500 KHz Ag* 5022 5 a8 


Operating characteristics at 25 °C case temperature 


PARAMETER TEST CONDITIONS MIN UNIT 


Po Power Output 1¢2225mA, VcE=135V 


175 mW 
Py ° 25 mw, {= 500 MHz 


a __» ce ETEEEnSSEIIEIEEIEINEEEEIEISEEIRIEREIIIRIEEEaInemenmmemmmmmmmmemmneseammmmeTanesamnamaemeememre emer memes sence amen 
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BLW11 
SILICON NPN VHF/UHF POWER TRANSISTOR 


a73 


Ideal for CATV Applications 

Typical Gain Bandwidth Product —1.35 GHz 
11 dB Gain € 200 MHz. (In Broadband Circuit) 
Low Distortion 

Low Noise 


mechanical data 


Al dmens'ons arg ia mm 


absolute maximum ratings (Tcase = 25 °C) 


Collector-Base Voltage . 


Collector-Emittor Voltoge (Ig =O) 2 6 6 6 ee ee ee eee 20M 
Emitter-Base Voltage 3V 
Continuous Collector Current 044 
Continuous Base Current 04a 
Continuous Dissipation . 5 be Rte hha gly on Fide? a ey (A Shand AOA A) Aad Gas ye pan 3.5 W 
Operating Temperature Range. 2. 1 1 ee ee ee ee ee = 65 OC to +200 9C 


TYPICAL LINEARITY 


Cross Modulation Distrotion — 80 dB at 50 dB mV output 
Intermodulation Distrotion — 52 dB at 50 dB mV output 


a a SS 


PRELIMINARY DATA SHEET: 
Supplementary data may be 


diab bihine See ae Meteke ae. TEXAS INSTRUMENTS 2-85 


BLW11 


SILICON NPN VHF/UHF POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature (unless otherwise noted 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX UNIT 


VIBRICEX 
'cEx 


Collector-Emutter Breakdown Voltage 
Collector-Emitter Cutoff Current 
Emitter-Bste Cutoff Current 
Collector-Emutter Breakdown Voltage 
Collector-Emitter Breakdown Voltage 
Collector-Emnter Cutoff Current 


Static Forward Current Transfer Ratio 


Collector-Emitter Saturation Voltage 
Bose-Emitter Saturanon Voltage 


Commor-Base Open-Circuit 
Output Capacitance 


Small Signal Common-Eminer 
Forward Current Transfer Ratro 


Therms! Time Corstent 
Junctian-to-Cae Therma Resttance 
AF Power Gann Broad Band 


Cross HMadulation Distorvon 


Intermodu' stron Distortion 


tg = 100 HA, 
Vee © OSV. 


Vep-30Vv. 


Ig = Sma, 
ic «Sma, 
Voce 2 15V. 
tc = 50 mA, 


te = 360 mA, 
Ic © 100 mA, 
Ig + 100 mA, 


Vog* SV. 


I¢ = SOMA, 


Vce = 15 V. 
Vee * IS. 


Output level = + 50 dBmv 


Vee 15 V, 


Vee" -15V 40 
Vee = -15V 1 
I¢-0 0.1 
Ig20 See Note 2 20 
R>1002 See Note 2 40 
ig=0 0.02 
Vce*5V 70 210 
Vee*5V Ss 
ig = 20mA See Nowe 3 Os 
Ig = 20mA 09 1.2 
te = 0, f= 1 MHz 2.7 3.6 
Vces1SV. f+ 200MHz 6 
See Note3 
o2 
3s 
{*40-216 MHz, Pin = 11dBm 11 
Ig = SOMA -80 
Ig = 50mA -5? 


Output level = + 50 dBmv 


NOTES 2. Measured ut-ng pulse tecnnique auty cycie <2 % pulte wiain G § ps 
2. Measured using pulte technaqus duty cyee © 2 % pulse widin & 300 pe 
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BLW11 


SILICON NPN VHF/UHF POWER TRANSISTOR 
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TYPICAL PARALLEL OUTPUT RESISTANCE 
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BLW11 
SILICON NPN VHF/UHF POWER TRANSISTOR 


ABSOLUTE MAXIMUM AREA OF OPERATION 


SAFE AREA OF OPERATION Te yup 25 OC THEAMAL DEARATING 
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To establith tne abso!ute Maximum sicy of Cderatan for ths device it 15 Necessary to apply deratings both lor caso temperature and voltage, 
Proceed a3 follows 

(1) Establah mean dewce diss:pat-on ang heat t:nk dimensions to determine tho device working case temperature 

(2) Read off the Power Derating Factor trom Figure 7 


(3) tAutuply eother voltage of current rating given be F gure 6 by the Power Derating Factor. This govet the volt amp ic power) cating under 
the given conditeons. 


‘WOTE Venere the dence i 8 .Diec 1 tO DOwe* Dultes Of shorter Duration than the thermat tae Constant, UNeraton Wh sale at peas DOWeEF 


teeely greater than tne DC tate area Gf operation 


(nm partcurar under claws B of C RE Operar-on. wren Power Pulta WAIINS Oro a $Mail faction oO) tha thermal tne Constant, Gabipal ot 
PUTED OF, Dy ThE Mmos-mum tmeema! res stance 
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BLW12 
SILICON NPN VHF POWER TRANSISTOR 


HIGH GAIN DRIVER FOR 13 V FM APPLICATIONS 


mechanical data 


=~ oN 


AAO C85 are wn rem 


absolute maximum ratings (Tcase = 25 °C) 


Collector Base Voltage . : 
Collector-Emitter Voltage (lg = 0) . 
Emitter-Base Voltage 
Continuous-Collector Current 
Continuous-Base Current 
Continuous Dissipation . 

Operating Temperature Range 


750 mW at 470 MHz 

Min. Gain 10 dB 

Studless Stripline Package 
Distributed Construction 


36V 

18V 

4v 

0.44 

a1A 

ot 8 as? SES SW 
~65 °C to +200 9C 


ITS 


PUCLL 
Supnle 
putelevdy 


NARY DATA SHEET 
sary data may be 
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BLW12 
SILICON NPN VHF POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS MIN MAX UNIT 
VIBRICER Collector-Emitter Breakdown Voltage I¢ = Ima, Ree = 1022 KT) v 
E80 Emitter-Bare Cutolf Current Veg 40V, Iced O01 mA 
LVcEO Collector Emitter Breakdown Voltage Ie = Sma, See Note 1 18 v 
'¢«360mMA, VoE=5V 5 
fer A, 
bee Static Forward Current Transfer Ratio Ig © 50 mA. Vee -5V See Note 2 10 200 
VeE(sa Collector-Emitter Saturation Voltage 1 v 
I¢*100mA, Ip = 20mA See Note 2 
VBE (sat) Base-E mitter Saturation Voltage 1.2 Vv 
Common-Base Open Circuit 
al fee “110A . F 
Cobo Output Capocitance Vee liv. E70. ne 3.0 Le 
. Small Signal Common-E miner 
Ine! Forward Current Transter Ratio 'c = 50.ma, MoE slav: 15.200 MHs oe 
Pout RF Power Outpt t<470MHz, Voc *13.5V. Pin = 75 mW 750 mw 
Ne Callector Efficiency 60 % 
NOTES 1. Pulse Test. Putte Darat on 10hs Date Cyc e G2 


Power outpyt - Weolls 


gn. -——- 


2. Pulte Test. Pulse Duraz on [IONE Dery Cree S26 


TYPICAL POWER OUTPUT vs POWER INPUT 
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FIGURE 1 
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BLW13 
SILICON NPN VHF POWER TRANSISTOR 


873 


HIGH GAIN DAIVER FOR 13 V FM APPLICATIONS 


3.75 W at 470 MHz 
Minimum Gain 7 dB 
Stripline Package 
Distributed Construction 


mechanical data 


—~ 1997 mar = 


- 27 
940 


AM amensons ao mmm 


absolute maximum ratings (Tcase = 26 °C) 


Collector-Base Voltage © 6 6 6 , 36 V 
Collector Emitter Voltage (Ig =O). 2 6 6 ee 18V 
Emitter-Base Voltage 2 2 wk 4Vv 
Continuous Collector Current 6 ww ee 2A 
Continuous Base Current GE SBR Lhe a wise ba Panes gy thane, high! de Ai a anh A PGR EIS 88 ato Oo: SOBA 
Continuous Dissipation. 2 6 6. ee ee ee ee TOW 
Operating Temperature Range 2 ww ee ee ee ee ee ee ee 665 OC to +200 OC 
Caution 


All T0-129 headers incorporate Beryllium Oxide which is a toxic white material. Suitable precautions should be taken by all 
personnel handling these devices; in particular, those for disposal should not be thrown out with the general waste. In the event 
of the oxide being exposed or broken, avoid contact with the skin or inhaling of the dust. 


A service is available to customers for disposal of expended units. These must be individually wrapped securely packed and 
Clearly labelled, and returned to the VHF Power Department at Bedford. When requiring disposal of broken units, which must 
not be sent through the post contact the above department for advice. 
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BLW13 
SILICON NPN VHF POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN MAX UNIT 
VIBAICER Collector-Emitter Breakdown Voltage Ic = 5mA, Age « 1022 36 v 
‘E80 Emutter-Bare Cutoll Current Vep- 4. Ic+0 0.1 mA 
LcEeo CoNlector-Emuttor Breakdown Voltage I¢=100mA, Ip ed See Note 1 18 v 
'cEO Collector-Emutier Cutotf Current Vee? liv. Ig 0 0.1 mA 
bee Stave Forward Current Ig = 50 mA, VcesSVv 10 200 

Transtee Roo Ie ela, Vce"5V See Note 2 Ss 

VCE (aan) Collector-Emitter Saturation Voltage Ig = 100mA, Ig = 20mA See Note 2 1 v 
VBE Inat) Bowe Emitter Saturation Volts Io = 100mA, tg = 20mA See Note 2 1.2 v 


Common-Base OpenCucuit 


a . to F 
Cobo Ouiguiiesesciisrce Vep713V. Ie 20, 1 MHz 7 pl 
Small Signai Common-Emutter 
1 . t= 
tel Forward Current Transter Rana 'c* 100mA. VE «IS Vv. 100 MMz, ® 
Pout AF Power Output f° @70MH7, Voc 135V Pin O.75W 2.76 Ww 
Tic Collector Etticrency 1*470MHz, Voc-135V Pi = 0.757 60 * 


NOTES 1. Pulse Tent Pulse Durston S$ 10ps Duty Cvcte G2 %. 
2. Pula Tet Purse Duration S390 4s Day Crcle S26. 


TYPICAL TYPICAL 
POWER OUTPUT vs POWER INPUT PULSED Ity_l vs COLLECTOR CUARENT 


‘Veg eb 1 


Poere cuted - Walls 
at 0Omns 
i 


Cotector ett 


a _—- eee 
c) 08 19 ° 
Power mat - norte Colector Current - amps 
FIGURE 1 FIGURE 2 
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BLW14 
SILICON NPN VHF POWER TRANSISTOR 


a73 


HIGH GAIN OUTPUT FOR 13 V FM APPLICATIONS 


© 7 Wat 470 MHz 
e Stripline Package 
@ Distributed Construction 


mechanical data 


’ 
4 
€ 
o 
2 
' 


ra 


940 


AW srenvons are mmm 


absolute maximum ratings (Tease = 25 °C) 


Collector-Base Voltage. . . . . an hth ehbs Gy) Melk  eeteen eee! By at Te BP Seve a. Ae See ee SEE 
Collector-Emitter Voltage (Ig =O). 2 6 6 ee ee eee ee BV 
Ermitter:Basa‘Voltage’ ea og ok ee ea a Na AY ea we 4vV 
Continuous Collector Current. ar eae alban SR ae Sr Ses Ada yh 58 ty a EE Tey Zee Sag se OS 2A 
Continuous Base Current 2. 2 ee ee eee ee OA 
Continuous Dissipation. 2 6 6. wk ee ee ee ee ee TOW 
Operating Temperature Range . | we ee ee ew ee ee © 665 OC to +200 OC 
Caution 


All TO-129 headers incorporate Beryllium Oxide which is a toxic white material. Suitable precautions shauld be taken by all 
Personnel handling these devices; in particular, those for disposal should not be thrown out with the general waste. In the event 
of the oxide being exposed or broken, avoid contact with the skin or inhaling of the dust. 


A service is available to customers for disposal of expended units. These must be individually wrapped securely packed and 
clearly labelled, and returned to the VHF Power Department at Bedford. When requiring disposal of broken units, which must 
fot be sent through the post contact the above department for advice. 
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Stat ater dees Texas INSTRUMENTS 2:93 


BLW14 
SILICON NPN VHF POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN MAK UNIT 
ViBRICER Collector-Emitter Breakdown Voltage te Sma, Reg = 1082 36 v 
‘Ego Emuter Base Cutoff Current Vep 35V. tc 0 ot ma 
LVcEo Collector-Emitter Breakdown Waltase Io = 50 mA. ig-0 See Note + 18 
IcEO Collector-Emnutter Cutoff Current Veerlav. ig-o O01 ma 
I¢2SOmA, Vee 5 Vv 10 = 200 
hee State Forward Current Transfer Rano 
Ign 1A, Vce*5Vv See Note 2 5 
VCE (tat) Collector Emitter Satursuon Voltage tor 1A, IprO2A See Note 2 1 v 


Common-Base Open-Cercuit 


2 ° = 1 e 
Covo Ouiput Capacitance Vop-33Vv. Ig 0, (0 MH 5 5 Ff 
: | Small Segnai Common: Emitter 7 7 = 
hte Forward Current Transfer Rano Ie 00.mA.. “VES. of =100 Miz 5 
Pout AF Power Ocrpu: f<470MHz. Voce 135V. Pins 20W 7 “ 
Ne Collector Efficiency 12470MH7, Vec-135V. Pins 2.0W Go % 
NOTES 1. Pulse Test Pulte Durotan 5S 10p5 Duty Cree G24, 


Power cule - wots 


2 Pulse Test Pulse Ou-at on S300 $B Duty Cycie BZ. 


TYPICAL TYPICAL 
POWER OUTPUT vs POWER INPUT PULSED Ihtel vs COLLECTOR CURRENT 
or bes cee bY a 
CProrroy | 
9} sabe is 


[rt_l of 05 Me 


os [en Onan | maa 14 
Power input - aciis 


= 


| ee 
Collector Current - Aenps 


FIGURE 1 FIGURE 2 
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Texas INSTRUMENTS 


‘BLW16 
SILICON NPN VHF POWER TRANSISTOR 


271 


HIGH GAIN VHF MEDIUM POWER TRANSISTOR 


1.4 W at 175 MHz 
Greater than 10 dB Gain 
Distributed Construction 
Interdigital Geometry 


mechanical data 


ree an 


Ad dmenpons aro nm 


absolute maximum ratings (Tease = 25 °C 


Collector-Base Voltage . SY ay aR tare Wael ae WS eG) ae gees dah ode Ae koe eA he th 
Collector-Emitter Voltage (Igp20) . 6 6 6 ee ee ee ee ee ee ee 1B 
Emitter-Base Voltage 6. 1 1 we ee 4Vv 
Continuous Collector Current 2 ww we ee ee ee ee ee OBA 
Continuous-Base Current © 6 2 ww ee ee ee ee OTA 
Continuous Dissipation. 2 2 2 we ee ee ee SEW 
Operating Temperature Range . 1 ww we ee ee ee eee ew ee = 6H OC to +200 OC 


Em) 


PRELIMINARY DATA SHEET 
Supplementary dats may be 
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BLW16 
SILICON NPN VHF POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
ViBRICEA Collector-Emitter Breaadonn Voltage Ig - 50mA, Age - 1022 36 v 
LYcCEO Collector Emitter Breaadown Voluge ie = 50mA, ig - 0, See Note 1 18 v 
IcEo Collector Emitter Cutoff Current Vee -13V. tg 0 01 HA 
hee Static Forward Current Transfer Ratio Ig + 50 mA, Vee SV 30 
VeElsar) —- Collector-Ermitter Saturanon Voltage Ig + 100mA, Ig 20mMA See Note 2 0.1 v 
VBEiml Baw E miner Saturation Voltage Ie - 100mA, Ig = 20mA Seo Note 2 1.0 v 

Common Base Open-Circunt s = 

Cobo Ginpur Capacitance Vep-33Vv. Ig - 0, t- 1 MHz $ oF 
i Small Signal Common Emitter . . 
intel Forward Current Transfer Ratio le SOMA. VCE SAIN... f 1Ooitne $5 
Th Thermal Time Constant Voce 10V. Ig = 350mA 100 we 
he Janction-10-Csr Thermal Ressitonce Vee 10V. Ie 350maA so tw 
Pout AF Power Output 1-17St8H2, Veer 12V. Pin, 10OmW 14 wi 
Te Collector Et frcency 1. V/SMHZ Voc" 12¥. Pin = 100mw 60 % 


NOTES 1. Pulse Test Pute Our 


S 10p8 O.ty Cercle G2", 
2. Pui Test Pulse Dus < 


OOPS Our Cree SIS 


4 
22 
A 

w 


TYPICAL POWER OUTPUT vs POWER INPUT TYPICAL ihjel vs COLLECTOR CURRENT 


"cE ete 


Powe asp.a - walt 
Co actor eltcency ts 
Yat COMme 


© - 7 3 6 o { @,, 
6 ou a) 6 
Power -p.t- Aarts Collector Curcent - Amos 
FIGURE 1 FIGURE 2 
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TEXAS INSTRUMENTS aatatrae seks 
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Tend macseed FO aes Cte a aT AS 


HIGH GAIN MEDIUM POWER VHF AMPLIFIER 


mechanical specification 


2We 175 MHz 

13 dB Gain 

Stripline Package 
Interdigital Geometry 


~~ 0% 


All dens 604 ate in om 


absolute maximum ratings (Tcase = 25 °C) 


Collector-Base Voltage . 


Collector-Emitter Voltage (Ip =O) . 


Emuitter-Base Voltage 
Continuous-Collector Current 
Continuous-Base Current 
Continuous:Dissipation . 
Operating Temperature Range 


Caution 


BLW17 
SILICON NPN VHF POWER TRANSISTOR 


ay 


36V 

18V 

4v 

OSA 

0.1A 

oe 5.5 W 
~65 OC to +200 OC 


Al! T0-131 headers incorporate Beryllium Oxide which is a toxic white material. Suitable precaution should be taken by all 
Personnel handling these devices; in particular, those for disposal should not be thrown out with the general waste. In the 


event of the oxide being exposed or broken, avoid contact with the skin or inhaling of the dust. 


A service is available to customers for disposal of expended units. Those must be individually wrapped securely packed and 
clearly labelled, and returned to the VHF Power Department at Bedford. When requiring disposal of broken units, which must 
not be sent through the post contact the above department for advice. 
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BLW17 
SILICON NPN VHF POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


MIN TYP MAX UNIT 


ViBRICER Collector-Emitter Breakdawn Voltage '¢>50mA, Age = 102. 36 Vv 


Icex Collector Emitter Cutoff Current Vee 36. Vee+-15V 1 mA 
LVcEO Collector-Emiter Breakdown Voltage Ig «50mA Igo See Note 1 18 v 
'cEO Collector Emuter Cutot! Current Vce+13V,  tgs0 .01 uA 
hee Stauc Forward Currem Transfer Rata I¢ » 50mA, Voce" 5Vv Seo Note 2 78 
VeEtu Collector-Emutter Saturauion Veltace Ic - 100mA, Igy 20mA See Note 2 0.1 Vv 
Vee liu Base-Emitter Saturation Voltage I¢ = 100mA. Ig 20mA See Note 2 1.0 v 
Common-Basze OpenCercuat 

1 ' f-4M F 

Cobo Output Capacuance Yep "3. £0. mt 2 ? 
' Small Signa! Common-Emitter 
1 A. “1 tet 
‘Mle Forward Current Transfer Ratio ic SOMA. Ve NS. one ss 
7th Therma Tene Constant Voce 10V.  t¢ *350mA 100 us 
Gc Junciion-10-Care Trerms! Resistance Voce OV. 1¢ 7350 mA sO (OCW 
Pout RF Power Output f2075MH7, Veco’ 12V, Pins 100m 2 w 
Ne Collector Efficiency { V7SMrz, Voc 12V. Pin 100m 60 % 
NOTES 1 Puler Test. Pulte Ours GS 1WObes Sate Coste SI 


2 Pulve Test Putee Derar nS 209 ps OLr, Curie 2 y 


TYPICAL TYPICAL 
POWER OUTPUT vs POWER INPUT Ibygivs COLLECTOR CURRENT 


ee ty 


5 $ 
i “ME 5 
s 4 2 
é = Bg? Spaeth ee 
: z 3 
z z it 
& = Pad eee eee eee 
f as 64 
te ee ee ee eee 
oO _-. _.- - - ad ou z rs nes Seen See 
é) on o o! S ~~ Os i) 1S 
Power eo. wots Collector Current - Amos 
FIGURE 1 FIGURE 2 
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BLW18 
SILICON NPN VHF POWER TRANSISTOR 


271 


HIGH GAIN DRIVER FOR 13 V _ FM APPLICATIONS 


5 W at 175 MHz 

10 dB Gain 

Designed to Withstand All VSWR at 5 W 
Distributed Construction 


mechanical data 


ee = 

* 

17 

tal XN 

fT a 82 UNC 2a 
Tread 


AL denens.ong ary in frm 


absolute maximum ratings (Tease = 25 °C) 


Collector-Base Voltage. 2. ww ee ee a eR la ee BBM 
Collector-Emitter Voltage (Ig 70) . . . hE See es SEaS h ees Ad een Se d E IBY 
Emitter Base Voltage ere BPN atte oe: pda, Cee G Chaekortn fod te: ganesh 1a ay ae <g 4V 
Continuous Collector Current 2. we 2A 
Continuous Base Current. . Bid reg, Wa Neh aay le My eet. om Sha ocala a Sp fh tar Sake alae: LOA, 
Continuous Dissipation (RF) am wat, deans Sta See Eh Weta he ek eat Tt ee Bye: Sy he A Se, ad a atta tee OIE 
Operating Temperature Range ww ww ee ee ee ee © 65 OC to +200 9C 


Caution 

All TO-117 headers incorporate Beryllium Oxide which is a toxic white material. Suitable precautions should be taken by all 
personnel handling these devices; in particular, those for disposal should not be thrown out with the general waste. In the event 
of the oxide being exposed or broken, avoid contact with the skin or inhaling of the dust. 


A service is available to customers for disposal of expended units. These must be individually wrapped securely packed and 
Clearly labelled, and returned to the VHF Power Department at Bedford. When requiring disposal of broken units, which must 
not be sent through the post contact the above department for advice. 


a PTS 


PRE LININANY DATA SHEET 
Supplementary data may be 


GubIAhhd ala Ulster alae TeExAS INSTRUMENTS 2-99 


BLW18 
SILICON NPN VHF POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIBRICER Collector-Emitter Breakdown Voltage I¢250mA. Age = 102 36 v 
LVcEO Collector-Emitter Breakdown Voltage Ig = SOMA, Ip-0 Seo Note? 18 v 
ICEO Collector-Emitter Cutoff Current Vce* i3v, Ig-0 1 HA 
hee Static Forward Current Transter Ratio er O5A. Vce* Sv. 40 
VeE tun) Collector-Ematter Saturation Voltage fora, Ip2O02A See Note 2 35 v 
VBE (san) Base- Emitter Saturation Voltage Ios ta. igs O.2A See Note 2 wd v 

Common-Bave OpenCircuit 2 FS - 
Cobo Outsul Gabseviance Vep*13V, le <0. f=1MHz 18 pF 
1 Small Signal Common-Emitter 3 a . 
‘hel Forward Current Transfer Ratio Ics WOOmMA. Veer I3V, f+ 100MHz 4.2 
Th Thermal Time Constant Vce"5.5V. Ics 204A 180 uS 
D< Junction:to-Case Therma! Resistance VceeS5V. Ice 20A 15.92 °C 
Pout RF Power Output {= 17SMHe Voc IlSV, Pins OS 5 w 
Ne Collector Efficiency (2 .7SMHz, Veco 115V. Pines 05SW 60 Se 


NOTES 1, Pulte Tett Pulse Duration 10 ps. Duty Cele R 2% 
2. Pulte Test Pulse Duration S IOOM: Duty Cycle G2 %. 


TYPICAL POWER OUTPUT vs POWER INPUT TYPICAL |hygl vs COLLECTOR CURRENT 


” 
Yee 2 5v 


om 


£ i. 
z 
: : ; 
2 Fs F 
z 
6 
é z 8 
t z 3 
é $ Z Bk See 
ae se 
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BLW20 
SILICON NPN VHF POWER TRANSISTOR 


673 


HIGH GAIN OUTPUT FOR 13 V FM APPLICATIONS 


© 25 Wat 175 MHz 
© Designed to withstand all VSWR at Rated Output 
e@ Distributed Construction 


mechanical data 


B82 UNC 24 
Trwead 


AN diver. 0ng ara mmm 


absolute maximum ratings (Tcase 2 25 °C) 


Collector-Base Voltage. 2. ee ee ee BBV 
Collector-Emutter Voltage (Ig =O). 6 6 ee ee ee ee BY 
Emitter-Base Voltage ae eae a 28 AO eke ae EE Gh ee ae Be ae ee a 4Vv 
Continuous Collector Current 6 we 5A 
Continuous Base Current 2. 6 1 we A 
Continuous Dissipation... ww ee ee ee ee Ww 
Operating Temperature Range . 1. ee ee -65 °C to +200 °C 
Caution 


All TO-117 headers incoporate Beryllium Oxide which is a toxic white material. Suitable precautions should be taken by all 
personne! handling these devices; in particular, those for disposal should not be thrown out with the general wast. In the event 
of the oxide being exposed or broken, avoid contact with the skin or inhaling of the dust. 


A service is available to customers for disposal of expended units. These must be individually wrapped securely packed and 
clearly labelled, and returned to the VHF Pawer Department at Bedford. When requiring disposal of broken units, which must 
fot be sent through the post contact the above department for advice. 
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BLW20 


SILICON NPN VHF POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN MAX UNIT 
VIBRICER Collector-Emitter Breakdown Voltage I¢*200mA, Age = 102 36 v 
lego Emitter Bate Cutotf-Current Vepr4v. te*0 5 mA 
LVcEO Cotiector-Emitter Breakdown Voitae Ie 2 200mA. Ig-0 See Note 1 18 v 
hrE Static Forward Current Transfer Ratio Ie=5v. VcE ~ SOO mA 5 
Common-Bate Open-Circuit 
Cobo OuiduiiCasaivame Vep-13¥. Ie 9, f° 1 MHz 65 pF 
Small Signal Commor-Emitier 
Ite Forward Current Transfer Rano Ice 150mA, Vee” 13, Hsel00 Miz 7 
Oc Junction-to- Case Thermal Resimance 400 mwec 
Pout AF Power Ourpur {> 07SMH2, = Vec® lav Pin7- aw 25 Ww 
Ne Collector Eftecsency t-17SMHz, Veen I3V. Pins aw 50 % 
NOTE 1: Pulse Test Pu'te DuratonS 105%. Duty Cycle 52% 
TYPICAL TYPICAL 


POWER OUTPUT vs POWER INPUT 


=% 


halls 


Coliector elticrency 


Power aint 


as ert ee 7) 
Power wnpul - actis 


FIGURE 1 


Ihygl vs COLLECTOR CURRENT 


vee 3¥ 


[hte] of Ome 


oz 03 


FIGURE 2 
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BLW 22 
SILICON NPN VHF POWER TRANSISTOR 


873 


FOR HIGH LEVEL CATV APPLICATIONS 


e Typical fy 1000 MHz 
@ Cross Modulation Typically —80 dB 
© Inter Modulation Typically —52 dB 


mechanical data 


8°32 UNC. 24 
Tread 


absolute maximum ratings (Tease = 25 °C) 


Collector-Base Voltage. |. we ee ee ee OV 
Coltector-Emitter Voltage (Ip 20). 6 6 6 6 ee ee OV 
Emitter-Base Voltage 2. 6 6 ee ee ee ee ee ee ee OEY 
Continuous Collector Current . . asia ede dy i Bd eau rite Be dow nate SE Aa, AP tap dy, en OA 
Continuous Base Current © we ee ee ee OA 
Continuous Dissipation. © 2 1. ee ee ee ee EW 
Operating Temperature Range. 1 we ee ee ee 65 OC to +200 OC 
Caution 


All T0117 headers incorporate Beryllium Oxide which is a toxic white material. Suitable precautions should be taken by all 
personnel handling these devices; in particular, those for disposal should not be thrown out with the general waste. In the 
event of the oxide being exposed or broken, avoid contact with the skin or inhaling of the dust. 


A service is available to customers for disposal of expended units. These must be individually wrapped securely packed and 
clearly labelled, and returned to the VHF Power Department at Bedford. When requiring disposal of broken units, which must 
not be sent through the post contact the above department for advice. 


a_i 


PRELIMINARY DATA SHEET 
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BLW 22 
SILICON NPN VHF POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature {unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN MAX UNIT 
lcex Collector-Emitter Cutolf Current Vcer35V¥.  Vee--15V 1 mA 
LVcEO Collector-E mutter Breakdown Voltage ton Sma. See Note 1 30 v 
FE Static Forward Current ig + 50 ma. Vee 5V sO «210 

Transter Ratio Ie = 350MA, Vee < SV See Note 2 5 

VCE (sat) Collector. Emitter Saturation Voltage I¢: 100mA, tg - 20mA See Note 2 as v 
VBE (sail Bae-E mitter Saturation Voltage Io + 1OmA, Ig - 20mMA See Note 2 1.2 v 
Cc, Common-Base Open Circuit “ 7 

‘00 Quipot Capseitance Veg: 15V. Ip 70 t. 1 MHe 35 pF 
intel Small Signal Common-Emitzer “ a i 
vhs Forward Current Transfer Rota I~ SOMA. VeeciS¥. f+ 200MH? = 4.5 
Ue Junction-to-Case Thermal Resistance 32 oom 


NOTES 1. Pulse Test Pulte Durston S 10h Ooty Ove S2h 
2. Pulte Test Pulse Ouraton S300 pb Ooty Cv e S 2%, 


TYPICAL 
nie «s COLLECTOR CURRENT 


i 
Z 3 -- pais s 
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BLW23 
SILICON NPN VHF POWER TRANSISTOR 


a72 


5 Wat 175 MHz, 28V 

Minimum Gain 13 dB 

Designed to Withstand Infinite VSWR 
at Rated Output 


mechanical data 


ALG cesns arn nim 


absolute maximum ratings (Tease = 25 °C) 


Collector-Base Voltage . . i LON he ack Sa Getlend 2 Sea ete Grek Reece a ae ape ae BBM 
Collector Emitter Voltage (Ig = 0) eEgute tas CS tease oe eh, ork? Sin he ay a, aD a2 BO Mids hey gt vsén ZaN aed ac* MOV, 
Emntter-Base Voltage 6. ee ee ee EY 
Continuous Collector Current 2. 2 2 1 ee eee cog oe Sa ce a ete LDA 
Continuous Base Current . ty ge Seleier ea So oe 10A 

18W 


Continuous Dissipation. . . . a ae er 


Operating Temperature Range . 2 1 1 ww ee "65 0C to +200 9C 


Caution 

All TO-117 headers incorporate Beryllium Oxide which is 3 toxic white material. Suitable precautions should be taken by all 
Personnel handling these devices; in particular, those for disposal should not be thrown out with the general waste. In the event 
of the oxide being exposed or broken, avoid contact with the skin or inhaling of the dust. 


A service is available to customers for disposal of expended units. These must be individually wrapped securely packed and 
clearly labelled, and returned to the VHF Power Department at Bedford. When requiring disposal of broken units, which must 
Not De sent through the post contact the above department for advice. 
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CRELININARY gare SHEET. 
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BLW23 
SILICON NPN VHF POWER TRANSISTOR 


electrical characteristics at 25 OC case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN MAX UNIT 

VIBRICER Collector-Emitter Breakdown Voltage I¢*50mA, Rag 102 $5 Vv 

lcex Coltector-Emitter Cutalf Cusrent VeecSSV. Vege" -15V 4 

lEBO Emitter-Base Cutoff Current Veg 3SV. Ign os mA 

LVcEO Coltector-Emitter Breakdown Voltage Ig = SOMA, 1g -0 See Note 1 35 v 

Ie 20A Vee SV 5 
bre Static Forward Current Transfer Ratio 
Ie 20.14, Vce*5V See Note 2 2 200 
VCE (sat) Collector-Emitter Saturaton Voltage Iona. IgeO.1Aa See Note 2 1 v 
VBE (sat) Base Emitter Saturateon Voltage lee lA, Ig-O.1A See Note 2 1.2 v 
Common Bare OperCircuit 
Cobo OutsGi Capastiorce Veg" 28. 1g +0 f=- 1. MHz 10 oF 
Small Signal Common-E miner 

Inte! Forward Current Transfer Ratio cr O.A, Vee = 20V. bs200 Mie , 

Pout RF Power Output t-175MHr, Voc *78V. PiInv0.25W 5 w 

Ne Collector Efficiency (217SMHz, Vcoc*28V. Pins 0.25W 60 % 

NOTES 1. Pulse Test. Pulse Durana0S 10 py. Outy Cycie S28. 
2 Pulse Test, Pulse Duration 300 ps. Duty Cycle 2% 
TYPICAL TYPICAL 
POWER OUTPUT vs POWER INPUT Intl vs COLLECTOR CURRENT 

iene ee See . 42% ejecta 
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BLW24 
SILICON NPN VHF POWER TRANSISTOR 


ari 


HIGH POWER OUTPUT STAGE FOR FM/AM APPLICATIONS 


17 WG 175 MHz 

8 dB Gain 

Distributed Construction 
Inerdigital Construction 


mechanical data 


Bammer, cay ace unimm 


absolute maximum ratings (Tease = 25 °C) 


Collector-Base Voltage. . 2. 2... i, US) iy Os, Sah Go, to se, Say St Std. ote eR ab lee: rete 
Collector-Emitter Voltage (ig O) . . 2 2 ew ee ee Ll ae ah oe oo 
Emitter-Base Voltage ee, Hila Ae vd . 7 . 
BE TE he La cay Set ch ae 2A 

Continuous Collector Current 2. ee 

i See Syed near - . O5A 
Continuous Base Current . eS ve a pe Sey tak ed seu 
Continuous Dissipation. . . . . ts AD sae PP eg dh. (ite Bene ae ie his pate day gt fo) Sergey le he Ep 

-650 cy} 
Operation Temperature Range ©... we 65 °C to +200 OC 
Caution 


All T0-117 headers incorporate Beryllium Oxide which is a toxic white material. Suitable precautions should be taken by all 
Petsonnel handling these devices; in particular, those for disposal should not be thrown out with the general waste. In the event 
of the oxide being exposeu or broken, avoid contact with the skin or inhaling of the dust. 


A service is available to customers for disposal of expended units. These must be individually wrapped securely packed and 
clearly labelled, and returned to the VHF Power Department at Bedford. When requiring disposal of broken units, which must 
not be sent through the post contact the above department for advice. 
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BLW24 
SILICON NPN VHF POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN MAX UNIT 

VIBRICER Collector Emitter Breaxdown Voliage I¢=50mA, Ape 10022 a0 v 
tcex Collector-Emitter Cutoff Current Vee 60V. Veer -18V. Te + 25°C 5 mA 
LYcEO Collector-Emuiter Breakdown Voliace Ig > SOmA, Ip-0 Seo Note 1 40 Vv 
IcEo Collecior-Emutter Cutotl Current Vee * 28 Vv. Ig 0 2 mA 
hee Stave Forward Current Ice 2A, Vce*5V 5 

Transler Rauo te - 200mA, VcE-5V See Note 2) 10 80 
VCE Isat) Collector Emmtter Saturation Voltage Ie 22A. Ipr OSA See Note 2 2 v 

Common-Bate OpenCireunt 25 pF 
Cobo ‘Duseui Capseiance Veg" 25V. Ie 70. t+ 1MHz 
ee Smail Signal Common-Emitter c 
hte Forward Current Transfer Ratio Ig =200mA. Vee -25V.  t> 100MHr 3 
Tth Thermal Time Constant Vee. 10Vv. len OSA 7 9CAW 
Pout RF Power Output Fe175MHz, Voc" 25V. PIN’ 25W 17 Ww 
Ne Collector Efficiency 17 175MHe. Veo 25V, Pin 2.5” 60 “ 

NOTES 1, Pulse Test Pulte Ourat on 10s Duty Cycle 2% 
2. Purse Test Pulse Durarcn SOOM: Duty Cycre S2% 
TYPICAL TYPICAL 
POWER OUTPUT ws POWER INPUT Ihjgl vs COLLECTOR CURRENT 
oS SS SS —- wo Ca 
ese ' fee abe 
Cayo ee 


Power oulpul - Walls 


Cottecta: etticiency - % 


? i ¢ $ 
Power ingut - Wotts 


FIGURE 1 


i 
8 
Foo mons os 
! 
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| 
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Collector Current - Arps 


FIGURE 2 
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BLW25 
SILICON NPN VHF POWER TRANSISTOR 


879 


High Gain Output for 13 VAM Applications 
@ 40 Wat 175 MHz 
@ Minimum Gain 7 dB. 


mechanical specifications 


Eee 

i a Base 
26.60 = =a 
HBC EY 


245 
19295 i 
~ 
t2f. 


absolute maximum ratings (Tease = 25 °C) 


Collector Base Voltage. 2... ee ee POR BUGS Bue Gt Psat ee gic ae 
Collector-Emitter Voltage (Ig=O). 2 2 2 2 we ee ee i, FPS es Jeo Bar oo as ay 
Emitter-Base Voltage 2. ww WH eat hs ak ey AE 

i fy Pam chy OR ya a dae Re 5A 
Continuous Collector Current 2 2 1. we ee i. 
Continuous Base Current © 2 wwe Bats Aiea sd sae ata es asi 
Continuous Dissipation. . 2. 2. . 2. 2 wee Scat ) 

~65 0 o 

Operating Temperature Range 65 °C to +200 9C 


Caution 

All TO-145 headers incorporate Beryllium Oxide which is a toxic white material. Suitable precautions should be taken by all 
Personnel handling these divices; in particular those for disposal should not be thrown out with the general waste. In the event 
of the oxide being exposed or broken, avoid contact with the skin or inhaling of the dust. 


A service 15 available to customers for disposal of expended units. These must be individually wrapped securely packed ne 
Clearly labelled, and returned to the VHF Power Department at Bedford. When requiring disposal of broken units, which must 
Not be sent through the post contact the above department for advice. 
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BLW25 


SILICON NPN VHF POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


MIN MAX UNIT 


PARAMETER TEST CONDITIONS 

ViIBRICER Collector-Emutter Breakdavin Voltage ic -SOmA Ree - 1022 60 
(CE Coltector-Emutier Cutott Current Vee SOV. Vee -15V 10 
lEBO Emitter-Base Cutot! Current Vea 40 ic - 0 10 
LVcEO Collector-Emitter Breakdown Voltage Ig -200mA, tg 0 See Note 1 35 
hee Stave Forward Current Transfer Ratio Ie = 500mA. VeE-5V 5 

Common-Bxe OpenCucut 

. Ice : 

Cove Output Capacitance Veg 28V. Ig +0. to MHz 50 

Small Signal Common-Emitter 
Intel Forward Current Transter Reto SOON “Mees OVS she MOOMHE. “32 
Pout RF Power Oxtout £7175, Veco 7 28V, Pins Ow 40 
Te Collector Efficiency #175, Veo 26V. PINs BW 60 

NOTES 1 Pure Tet Purse Duration Wes. Dot, Cvcle S24 
TYPICAL 


POWER OUTPUT vs POWER INPUT 


—— S 


ecg a abe 


ba rtheny 


watts 


Pree output 


ns Te 
Come rge.t - wats 


FIGURE 1 
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BLY88T 
SILICON NPN VHF POWER TRANSISTOR 


673 


15 W at 13.5 Volts 175 MHz 
© Minimum Gain — 7.5 4B 


mechanical specification 


8 32 UNC 24 
Thread 


Al dmens.ons aro in mm 


absolute maximum ratings (Tease = 25 °C) 


Collector-Base Voltage. 2. 1. ee ee ee BBV 
Collector-Emitter Voltage (Ip =O). 2 2 6 6 ee ee ee ee ee ee BY 
Emitter-Base Voltage 2 ww wk av 
Continuous Collector Current 6 ww we eee ee BGA 
Continuous Base Current © ww A 
Continuous Dissipation. © 6 6. we ee ee DOW 
Operating Temperature Range 2 1 1 1 ee ee ew ee 65 OC to +200 OC 
Caution 


All TO-117 headers incorporate Beryllium Oxide which is a toxic white material. Suitable precautions should be taken by all 
Personnel handling these devices; in particular, those for disposal should not be thrown out with the general waste. In the event 
of the oxide being exposed or broken, avoid contact with the skin or inhaling of the dust. 


A service is available to customers for disposal of expended units. These must be individually wrapped securely packed and 
Clearly labelled, and returned to the VHF Power Department at Bedford. When requiring disposal of broken units, which must 
not be sent through the post contact the above department for advice. 
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BLY88T 
SILICON NPN VHF POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
LVCEO Collector Emitter Breakdown Vollage Ic - 20ma, Ig-0 See Note } 18 v 
LVcEX Collector-Emitter Breakdown Voltage le 22mA, Veg 15V 36 v 
hee Stawe Forward Current Transter Ruto Ic -O5A, Vce 5 V s 
VeE (san) Collector-Emutter Saturation Voltage G+ OSA, Ipr Ola See Note 2 03 v 
Common Base OpenCircunt . . 
Cobo Oolparcsactance Yop I5V. tg 70. { 1MHz 3000p 
‘ Small Signal Common-Emiter 
Mel Forward Current Tronster Rato les OFA. Vee, it -100ME2 - 
Pout AF Power Output {=175MHz Voc 135V. Pin= 265% 15 Ww 
Ne Collector Etficrency f-17S Mrz. Veco: 135V, PiIn=265W GS « 
NOTES 3. Pulte Test. Putte Duration S 1OhE Duty Cycre M2, 


2. Pulse Test Pu we Duraron SIDES Oty Cvste S2K 


TYPICAL POWER OUTPUT vw; POWER I'sPUT TYPICAL ihtel vs COLLECTOR CURRENT 
ese ; ~~ tony eee a lee 
Peer 


. 
3 ? 
£ $ 6 
3 z 
s 7 
3 2 » 
a i > 
é é 8 
3 
a) oS 
£ 
of. Jo Se? == 29 o_ L - meatier se ti se eee, 
o 1 2 3 ‘ $ a 02 os 06 oe 19 wy 
Pome input - wots Cotector Current - amps 
FIGURE 1 FIGURE 2 
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BU105 
NPN SILICON POWER TRANSISTOR 


B71 


DESIGNED FOR HIGH VOLTAGE C.R.T.SCANNING 


@ Vces Rating 1500 V 
e Current Rating — 2.5 Amps Peak 
e Fast Switching — te at 2 Amps 0.6 Microsecond Typical 


development types 
The data presented here is of a device under development, and may be subject to change without notice. No responsibi- 


lity is assumed for future manufacture of this device. 


mechanical specification 


AU amen: ons aro mmm 


absolute maximum ratings (Tease = 25 °C) 


Collector-Emitter Voltage (Peak See Note 1,AgeS 100M) . 2... ee ee ee ee ee + 1500 
Collector-Base Voltage (Peak SeoNote 1). 2 2 ew 1500 V 
Collector-‘Current Continuous 2. ww ee 25A 
Base-Current Continuous © 6 6 we ee 15 A 
Total Dissipation (VCE < 100 V, Tease © 90°C) SeeNote2. - . 2. ee ee ee ee 10 W 
Operating Junction Temperature 2) we ee ee ee ee ee 65 OC to +115 9C 
Storage Temperature 2 1 ww ee ee ee ee ee ee AGEPC tO «15 9C 


NOTES. 1, Pulse Width £20 ps Duty Cycle G75 % 
2, Aoter to Figures 3 ang 4. 
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BU105 
NPN SILICON POWER TRANSISTOR 


electrical characteristics (Tease = 25 °C) 


PARAMETER TES. CONDITIONS MIN TYP MAX UNIT 
Ices Collector-Emiter Leasage Current Voce - 1800 V. Vag +0 Seo Note 1 1.0 mA 
ViBRIEBO 9 Emitier-Base Breakdown Voitage Wg=19QmMA, Ic +0 5 7.0 v 
VCE tut) Collector-Emitier Saturavan Voitage Ic 154, Igp- 15A Sec Noe 3 5 v 
VBE Isat) Base Emitter Saturation Voltoge we 353A, Ige 15SA See Note 3 FB: ) v 
{7 Tronution Frequency Vor =5V. Ic OFA, {= 5 MHz 7.0 MHa 
Gabe Somer Gost Oper Cricut Veg 10V. Igtig 0, £°1MHE 55 pF 
y Collector Current Fel Tene cc2k. Ipiott) "1.0 A, See Fegs t,2 06 1.0 ps 

IBion) 1.5A 

G\< Junction-to-Cazz Themms. Reustance 25 oCMw 


NOTES 1. Pulte width S20 Ms Dury Coco * 
S209 


wites 


2. Para Tes: Pulte dur 
Tres tert at be mee 


Details for measurement of switching parameter 


4 .- see ote 


1 Puree Weetim = JOR j 
Pulte Repention Rate - 200p 0+ | 
| Rexctors are Non inductee types 
y Recommended Pure Generator Mevle't Packard 2144 
2 Current measured ut-ng Current Peeve tach at 
| TEX TRONIX type 66019, P6020, PGOZ7 

Orc: torcene 10 have tee Detter tha 20 et 


FIGURE 1 


+ sGarate trom careying Contacts 


Iptony 


° 


lgtotty 


Current Waveforms clic and ig 


FIGURE 2 
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BU105 
NPN SILICON POWER TRANSISTOR 


cc a ED 


FORWARD BIASED SAFE AREA OF OPERATION, D.C. 
CASE TEMPERATURE 2 90 °C DISSIPATION DERATING CUAVE 


Current IC Lamps) 


1g “se £) a) 
Conector Center vortage (¥CE) Case Temowature (°C) 
FIGURE 3 FIGURE 4 


TYPICAL VARIATION OF 0.C. GAIN 
WITH COLLECTOR CURRENT TYPICAL VARIATION OF SATURATION VOLTAGES 
CASE TEMPERATURE +25 °C WITH COLLECTOR CURRENT 


Current Gon they) 


os 


Coltector Curren (Amon) Cotlector Current (Amps) 


FIGURE 5 FIGURE 6 
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BU108 
NPN SILICON POWER TRANSISTOR 


DESIGNED FOR HIGH VOLTAGE C.R.T. SCANNING 


e Vcex Rating — 1500 V Peak 
e Collector Current Rating — 5 Amps 
e Fast Switching — ty at 4.5 Amps 0.7 Microsecond Typical 


Development Type 


The data presented here is of a device under development, and may be subject to change without notice. No responsibi- 
lity is assumed for future manufacture of this device. 


mechanical data 


S6ema8 


Case temp 


At amentons aro mmm 


absolute maximum ratings (Tease = 25 °C) 


Collector-Emitter Voltage (Peak see Nate 1),-2V> ee FBV we ee ee ee) 6 1SOV 
Collector-Base Voltago (Peak seeNote 1}. . . . . Se Sette Be ents Sa PE ta SNe Mo rad 1800 V 
Emitter-Base Voltage 2. 6 kk 5V 
Continuous-Collector Current 2 6 6 we 5A 
Continuous-Base Current 2 1 ww ee ee ee ee EA 
Continuous-Emitter Current... ee ee we ww ww ww ww BA 
Total Dissipation (VcE < 100 V, Tease < 95 oc) (See Note 2) ote, we det sohagah dhe Seta’ Se Heel Son, lode ae 12.5 W 
Operating Junction Temperature 2 ww ee ee ee ee + 2 BE OC~.tO +415 OC 
Storage Temperature ©.) ee ee ee ee 6H OC 10 +115 9C 


NOTES 1. Pulso width G20 ps. duty cycle S26 % 
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BU108 
NPN SILICON POWER TRANSISTOR 


electrical characteristics (Tease = 25 °C) 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
IcEx Collector-Emstter Leakage Current Vee 1800V. Vee -2v See Noted 1 mA 
lepo Collector-Base Leaxige Current Veg  S00V. Ic -0 See Noe J 1 mA 
ViBAIEGO Emutrer-Baze Breakdown Voltage I¢=1OmA, IcnO 5 7 v 
VCE (a1) Coltector-Emutter Saturation Voltage Ios 45A, Ipc 2A See Note 4 4 EC] v 
VBE (sat) Base-Emitter Saturation Voltage IgGs 45A, Igp+ 2a See Note 4 wWwoo43 v 
" Collector-Curremt Fall Time IGs45Aa 7 1.2 us 
Gh4 Junction-to-Case Thermal Resistance 16 CNT 


NOTES 3. Puleed Test Pulse carancn S20 ps Doty Cyc e M255 
4, Pulved Test, Pu'se Gurat 27 5004 Dery Cys SZ. 


Coretton Carrent 


| Bowe Coren 


Le » Toa nguctorce in the vase 
WNC ay Ar vee trom ret 


leasage nd.cierce se oz! . ie tied 
Vert: Drive ranstormer tecondcry 70 30 40 
negaive s0tce eottege 1g Nom . amps 
FIGURE 1 FIGURE 2 
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BU108 
MPN SILICON POWER TRANSISTOR 


—_. 
OETERMINATION OF Lg MAXIMUM DEVICE DISSIPATION 
TO OBTAIN CORRECT dig/dt VERSES Ic PEAK [NOMINAL 
FOR VARIOUS VALVES OF Vort OPERATING WITH Tease * 90°C 
sa . othe 
” 
iP} 
ccd 
3 
oJ 
fe 
: S2Bseancsas? 
eitars 45 os 
O¢ 03 2 3 * 
mew nai Ig Pece - Amey 
FIGURE 3 FIGURE 4 
SWITCHING TIMES WHEN OPERATING IN A TYPICAL BASE-EMITTER VOLTAGE 
LINE OUTPUT STAGE AT Tcase = 90°C UNDER RECOMMENDED DAIVE CONDITIONS 
efus fa fey 
ne 
19- 
og 
oe-- * = 
07 7 SEY 
‘ ot 06 : cy 
é a 4 2 3 4 
Nom naeic Pece. amps Ig - Ames 
FIGURE & FIGURE 6 


pe a a PS SSS A SSP AY CS SNE SE 
TEXAS INSTRUMENTS 


BU126 
NPN SILICON POWER TRANSISTOR 
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BU126 IS A HIGH VOLTAGE NPN SILICON POWER TRANSISTOR 


@ Designed for General Industrial and Consumer Applications 
© Primarily Intended for Use in Switching Mode Power Supplies 


mechanical specification 


Testpo et tor 
Case temp 


AL mensions are in mm 


absolute maximum ratings at 25 °C ambient temperature 


Collector-Base Voltage... wk ee eee ee ee HOV 
Colfector-Emitter Voltage (VgpeE=—-1.5) 2 2 6. ee ee ee ee ee ee ee ee TOV 
Emitter-Base Voltage 2. 6 ee BV 
Peak: Collector Cairent. 2. 362.6 a have Ge ae Aa eee Be aR ce ae a ce 6A 
Continuous Dissipation (Tamb © 25°C) 2 2 2. ee ee ee ee ee. SOW 
Operating Temperature Range 2 ww ee ee ee ee 65 OC to +175 0C 


EE 
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Beanie ares Hate ona Texas INSTRUMENTS 2-121 


BU126 


NPN SILICON POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


BVcBO 
8VcEO 
BVEBO 
LVcEO 
UVcER 
ICEx 

'EBO 


nee 


VcE (san) 
VBE (sa1) 
\cEx 
lon 


PARAMETER 


TEST CONDITIONS 


Collector Base Breakdown Voltage 
Coltector-Emitier Breakdown Voltage 
Emutter-Base Breakdown Voltage 
Collector-Ematier Breakdown Voltage 
Collector-Emitier Breakdown Voltage 
Collector-Emuter Cuioff Current 
Emitter-Base Cutoff Current 


Stauc Forward Current Transter Rauo 


Collector-Emitier Saturation Vortage 
Base Emotter Saturation Votlage 
Collector-Emutter Leakage Current 
Total Turn-on Time 


Coltector Current Fath Time 


Output Capacitance 
Transition Frequency 


MIN TYP 
Ig 7 Uma 750 

Ig + 100 mA, 300 

Ig 2 10ma 8 

I¢« 100mA See Note 1 300 
I¢=100mMA = Age > 10022 See Note 1 400 
Voce GOOV. Vge -1.5V 

Vep=5V 

Ios 1A, Vce* SV 15 
tesa A, Vce*ISV See Note 1 Ss 

Ig 2 2A, Ip (O04A 

toe2a. 1g=04A 

Vce7600V. Vge* 1.5 V, TOAMB 150°C 

Ie« 3A, Igion = 1A. Veg * GOV 06 
Ic 3A, 'Bton) * Biot) * 1A. 03 
Vce « 60V 

Vep~20V. te =0, fe 1MHz 

Ie O2A, Vce*10V. 0 fT MH 15 


MAX UNIT 
Vv 
v 
Vv 
v 
Vv 
5 HA 
1 mA 
60 
2 Vv 
V5 Vv 
5 mA 
i) Bs 
1 1 
tHe 


NOTE 1. 


TYPICAL VARIATION OF D.C 
GAIN WITH COLLECTOR CURRENT 
CASE TEMPERATURE +25 °C 


ey 


| 


Current Gan (ney) 


“or 
Caltecter Current - kezs 


FIGURE 1 


Pulted Tett, Pulse Duration S 300 ps. Duty Cycte S 2%. 


FORWARD BIASED SAFE AREA OF OPERATION, OC 
AND SINGLE NON-REPETITIVE PULSE 
CASE TEMPERATURE 25°C 


Collector Current IC (amos) 


Coliector - Erratter Voltage (¥ce) z 


FIGURE 2 
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BUY69 
NPN SILICON POWER TRANSISTOR 


73 


BUY69 SERIES TRANSISTORS ARE DESIGNED FOR USE IN 


e Switching Mode Power Supplies 
e = Inverters 
e C.R.T. Scanning Systems 


They Feature High Voltage and Peak Current Capability 
Together with Fast Switching and a High Degree of Robustness 


mechanical specification 


Testpe nt tor 
Care temp 


Heng Gy ace Aran 


absolute maximum ratings (at 25 °C case temperature) 
BUYS9A BUY69B BUY69C 


Collector Base Voltage WE 0). 2. ee - .. - 1000V 800V 500 Vv 
Collector-Emitter Voltage (Ip=O}. 2 2 6 2 eee ee ee eee 400V 325V 200 V 
Emitter-Base Voltage 2. be Gs.2e, 6V — 
Continuous Collector Current Peak {seeNotet) . 2... 2 ee ee ee 15A > 
Continuous Collector Current. Continuous . . . . . - ee ee ee 104 > 
Continuous Base Current 2 2 ww ee 5 3A -. 
Continuous Dissipation (VcE=17V) SeeNote2. 2. 2 6 ee ee ee 100 W > 
Operating Temperature Range Sp capil a eh ah sa? ap he Ray Sar, Ae teacaer io -65°C to +2009C > 
NOTES 1 Puse With “S500 pec. Duty Cycte © 25 %. 


2 Reter e Sale Opurating and Onsivation Derating Curves 


TTD 
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BUY69 


NPN SILICON POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS TYPE MIN TYP MAX UNIT 
8YcRO Collector-Base Ign dma. Ig20 BUY6SA =: 1000 v 
Breakdown Voltage See Note! BUY698 800 v 
BUY69SC 500 v 
LVcEO Collector-Emstier ic = 50ma, Ipeo BUY69A 400 v 
Latching Voltage BUY69B 325 v 
BUY6SC 200 Vv 
8VEBO Emutter-Base 1g 2 10mAa BUY 69A 8 v 
Breakdown Voltage BUY69B 8 Vv 
BuY69C 8 v 
SEX Coltector-Emutrer Vee « 1000V BUY69A 1.0 mA 
Leakage Current Vee = 800 V Veer -2V BuUY69B 1.0 mA 
Vee 2 S00V BUY69C 1.0 mA 
hee OC Current Gain Ig 25a, Vee * 10V BUY69A 1S 
See Note 3 BUY69B 5 
BUY69C 15 
VBE (sat) Boze-Emitter ic = 8.04, ipr25A BUY69A 220~N 
Saturation Vo'taze BUYGSB 2.2 v 
BUY69C 22 Vv 
VCE (eat) Collector-€ mutter Ie +B0A, lg=2.5A BUY69A 33 Vv 
Saturation Voltage BUY698 33 v 
BUYGSC ew 28 SW 
u Cotlector-Cerrent 1¢ 7 B.A, Vce *40Vv BUYE9A 1000 fs 
Fali Tame Bion) © 2.5.4, Iptott) " 254 bUYG9B 10 bb 
0 pe a Se ee Se BUY OSG: .- Sade NO, BEE 
fy Transition Frequency Vee 2 10V, Ic O5A BUYG9A 6 Mer 
BUY69B 6 Mets 
BUY69C 6 Mes 
Cope Ourpui Coaacitance Veg * 20v. cro BUY69A 150 pF 
BUY69B 150 pF 
BUuY69C 180 pF 
NOTES: 1, Pulse Widin S800 BS. Duty Cycle S25 % 


3. Pulsed Test Pulse Wain G IGO HS. Dury Cvc'e G2 % 


DETAILS FOR THE MEASUREMENT OF SWITCHING PARAMETERS 


Acc Adjustable to give Collector Current 

Age Adjustaple 10 give Bare Current 

Vec Constant at 40 Volts 

Pulse Width 10 jis 

Pulse Repetition Rate » 200 PPS 

All reustances ase non-inductive types 
Recommended Pulse generator Velonex type 380 
using type V1265 plug in, 

Recommended current probe Tektromx type P6019, 
6020, or P6042. 

Otcitloscopte to have cise time betier than 20 ns 
Raa Rec ond Vag may be varred 10 obtain the 
correct test condition required 


“as 
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BUY69 
NPN SILICON POWER TRANSISTOR 


FORWARD BIASED SAFE AREA OF OPERATION 
(NON REPETITIVE OPERATION) Tj mgx ° 200°C 


-I¢ Amps 


Collector Current 


Cotector Emaer vo.toge - Weg Yous 


FIGURE 2 


Tre srach of Forward biased Safe Area of Operation is for single non-repetitive rectangules power pulses, with s cate temperature held at 25 OC. 
F Cr operation at case temperature above 25 OC derate the value of current indicated in Figure by the power deraiing factor, determined from 
Ye Gerating curve. 

For repetitive pulse operation the following procedure should be followed. Work out the energy of the power pulse by graphical integration and 
Usterming ihe equivalant rectangular power pulta, using the pulse duration end the peak voltage applied. Ensure that ths equivalent power pulse, 
a1 Getermined, 18 within the safe operating area, applying 8 derating factor for the case temperature as indicated from the derating curve. 

A’ caiculate the average power dittipation and ensure that it falls within the steady state (DC) condition for the peak voltage applied, having 

' 11 derated the steady state condition for the effect of case temperature. 


TYPICAL VARIATION OF TRANSITION FREQUENCY 
WITH COLLECTOR CURRENT DISSIPATION DERATING CUAVE 


o temo oagee 


wens 


TONS-om Preques y 
Desa pat—on - Prog Lwotts) 


Temperature » °C 


FIGURE 3 FIGURE 4 
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BUY69 
NPN SILICON POWER TRANSISTOR 


TYPICAL AND MAXIMUM VARIATION OF Icgg TYPICAL VARIATIONS OF BASE-EMITTER 
WITH TEMPERATURE SATURATION VOLTAGE WITH COLLECTOA CURRENT 


Base tearage Crtert iro pA 


Dave Letter votage spt (013; 


Co teeter 


we OF os 16 


fe tertce Current -1¢ keos 
FIGURE 5 FIGURE 6 
TYPICAL VARIATION OF 
aTATIC FORWARD CURRENT TRANSFER RATIOS TYPICAL VARIATION OF COLLECTOR EMITTER 
WITH COLLECTOR CURRENT SATURATION VOLTAGE WITH COLLECTOR CURRE'* 
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BUY69 
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TYPICAL VARIATION OF STORAGE AND TYPICAL VARIATION OF DELAY ANDO ARISE 
FALL TIMES WITH COLLECTOR CURRENT TIMES WITH COLLECTOR CURRENT 


~ 


Secmng Times 


rr a i ee | 
Lowther Caters. bmn Cov'ector Current « Amos 


FIGURE 9 FIGURE 10 
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MIGHT TO MARE CHANGES AT AN 
1 GUFPLY Tri BEST PRODUCT AU 


BUY70A, BUY70B, BUY70C 
NPN SILICON POWER TRANSISTORS 


a73 


BUY70 SERIES TRANSISTORS ARE DESIGNED FOR USE IN 


e Switching Mode Power Supplies 
© Inverters 
C.R.T. Scanning Systems 


They Feature High Voltage and Peak Current Capability 
Together with Fast Switching and a High Degree of Rebustness 


mechanical specification 


Testpo-nt lor 
Case Iemp 


Ad dencesans are mmm 


absolute maximum ratings (at 25 °C case temperature) 


BUY70A BUY70B BUY70C 


Collector-Base Voltage (e200. 2. ee ee ee ee ee ee. 1000V 800 V 500 V 
Collector-Emitter Voltage (Ig= 0). 2 1. 6 eee ee ee ee ee ee 400M 325 V 200 V 
Emitter-Base Voltage Me cP 60 pele Se ania: I6ig is Sager. Gea eS Gn see te od BV av BV 
Continuous Collector Current’ Peak (seoNote!) . . 2 2. 7 ee eee 15A 15A 15 A 
Continuous Collector Current. Continuous 2... 2 ee ee ee 10A OA 10A 
Continuous Base Current. 6 2 ee JA 3A 34 
Continuous Dissipation (Vcg =17V) SeeNote2. . 2. 2. - 2 - ee eee 75W 75 W 75W 
Operating Temperature Range . . 1... ee . We lave cen ig! te Na —65 OC to +200 9C 


NOTES 1. Pulsu Weain S500 pec. Outy Cycle G25 % 
2. Reter to Soto Operating and Dissipation Derating Curves 


SCTE 


PRELIMINARY DATA SHEET 
Supplementary data may be 


Gubtahed at a latet date TEXAS INSTRUMENTS 2h 


BUY70A, BUY70B, BUY70C 
NPN SILICON POWER TRANSISTORS 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


‘130 


PARAMETER TEST CONDITIONS TYPE MIN TYP MAX UNIT 
8V¥cB0 Collector-Base tos 1ma to*0 BUY70A =: 1000 v 
Sreacdown Voltage See Note 2 BUY 70B 800 v 
sUY70C $00 Vv 
LVCEO Cotlector-Emutter Io > 50mA Ig +0 BUY70A 400 v 
Latching Voltage BUY70B 325 v 
BUY 70C 200 v 
BVEB0 Emitier-Bawe Ig=10ma BUY70A 8 v 
Breaxdoan Vologe 6UY70B 8 v 
__ BUY70C 8 v 
Ieex Conector-Emizter Voce = 1000 V Vee * -2V BUY70A 10° «mA 
Leaxage Curent Vce = SOV BUY 70B mA 
Vee: 500V BUY 70C mA 
nee DC Current Gan tez10A Vee>10V BUY70A 15 
Sec Note 2 BUY 700 15 
BUY 70C 15 
Vee ta) Base Emitier Ie -40A 1g OBA BUY70A 
Saturation Vo'tage See Note 2 BUY 708 
__ BUY70C _ 
VCE (un) Collectar-Emitter Ie 240A tgr OBA BUY70A 
Saturanan Vonage See Nowe 2 BUY70B 
BUY 100 ae 
Y Collector-Current 1o24a Voce = 40V BUY70A 
Fail Time (gion) "0.8 A Ipiott) " 08 A BUY 70B 
Buy 70C 
4 Transition Frequency Vee * 10V Ice O0.5A BUY70A 
BUY 70B 
BUY70C 
Cobo Output Capacitance Vepy 20V Ic +0 BUY70A 
BUY70B 


BUY 70C 
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BUY70A, BUY70B, BUY70C 
NPN SILICON POWER TRANSISTORS 


DETAILS FOR THE MEASUREMENT OF SWITCHING PARAMETERS 


Pe LP ae ie ee Ip 
Ace Adjustable to give Collector Current be een cc > Bor 


Agg Adjustable to give Base Current 
Vec Constant a1 40 Volts ray 
Pulse Width 10 ys i 
Pula Repetition Rate + 200 P.P.S. 

All resistances are non-inductive types S 
Recommended Pulse generator Velonex U 
uning type V1265 plug in. nee Lia iad 
Recommended current probe Tektronix type P6019, 
P6020, or PEQ42. 


Oscillomope to have rise time better than 20 na. 
Rag. Rec and Vap May be varied to obtain the correct tes condition required. 


FIGURE 1 


Current Wave forms, of 1C & (8 


The graph of Forward biased Sate Area of operation it for single non-repetitive rectangular power pulses, with 9 case tempersture held at 25 °C. 
For operation at case temperature above 25 OC derate the valve of current indicated in Fig. by the power derating factor, determined from 
tha deraling curve 

For repetitive pulse operation the following procedure should be followed. Work out the energy of the power pulse by graphical integration and 
elerming the equivalent rectangular power pulte, using (he pulse duration and the peak voltage applied. Ensure that the equivalent power pulte, 
a1 determined, +3 within the tale operating area, applying 8 darating factor for the case temperature a indicated from the derating curve. ; 
Alto calculate the averoje power dissipation and ensure that it falls within the steady state (DC) condition for the peak voltage applied, having 
tryt derated the steady state condition for the effect of case temperature. 


TYPICAL AND MAXIMUM® VARIATION OF Icgo 
FORWARD BIASED SAFE AREA OF OPERATION WITH TEMPERATURE 
(NON REPETITIVE OPERATION) * 95% Confxtence 


vane 


t “cg sao eu 08 
Vege 640v BUY 208 


Contes Current Ie 


Collector « Emutter Witage - cg - vous 


FIGURE 2 FIGURE 3 
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BUY70A, BUY70B, BUY70C 
NPN SILICON POWER TRANSISTORS 


TYPICAL VARIATION OF TRANSITION FREQUENCY TYPICAL VARIATION OF DELAY AND RISE 
WITH COLLECTOR CURRENT WITH COLLECTOR CURRENT 
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or : ae ae 
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FIGURE 4 FIGURE 5 
TYPICAL VARIATION OF 
BASE-EMITTER SATURATION VOLTAGE 
DISSIPATION DERATING CURVE WITH COLLECTOR CURRENT 


ea ES ge ears =E Fiat 


PS SET 
= 


: Poa 3 
z z 
2 | 5 
+ 40 — s 
_ | 3 
Fy a ne 5 
eo | ' E 
p- : + 3 
ee ee 
hehe Sheth ot 
a [) 


c) © wm L 7) mm 
Case Tergeratve - °C Collector Current. 1¢- Amon 


FIGURE 6 FIGURE 7 


132 TEXAS INSTRUMENTS 


BUY70A, BUY70B, BUY70C 
NPN SILICON POWER TRANSISTORS 


TYPICAL VARIATION OF 


COLLECTOR-EMITTER SATURATION VOLTAGE TYPICAL VARIATION OF STORAGE AND 
WITH COLLECTOR CURRENT FALL TIMES WITH COLLECTOR CURRENT 


Seichung Terws + pe 


Cevactor Letter Saturation votlage - ¥Ce (mat) 


Couector Cyrrent -1¢ - amen 


FIGURE 8 FIGURE 9 


TYPICAL VARIATION OF 
STATIC FORWARD CURRENT TRANSFER RATIO 
WITH COLLECTOR CURRENT 


totttit 
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FIGURE 10 
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BUY71 
NPN SILICON POWER TRANSISTOR 
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DESIGNED FOR HIGH VOLTAGE C.R.T. SCANNING 


Vcex Rating 2200 V 

Current Rating — 2 Amps Continuous 

Fast Switching — ty at 1.5 Amps 

0.7 Microsecond Typical © 25 °C Case Temperature 


mechanical specification 


Tesipert for 
Case temo 


Aya mersens ore amm 


absolute maximum ratings (at 25 °C ambient temperature) 


Collector Buse Voltage (Peak see Note 1}... - Sede Baad tate a » . . 2200V 
Collector-Emitter Voltage (Peak see Note 1) yep 22 v. Bs defen DS aoe a ar Lous 2200 V 
Colluctur Current Continuous... wee Sy big fe) we oo Aan 3s arn td nett Ween dan Se 2.0A 
Base Current Continuous . . ES Seed ne aa, el is : 2.0A 
Total Dissipation (VyE & 100 V, ‘Tease © 80 °C) See Figure 1 AT GA a aah ay, RBar, eats a, ote AOE 
Total Dissipation“ 25°C Case Seo Figueetl . . . . . . - se eee . i - . aw 
Operating Junction Temperature. 2 1. we ee ey OOS, “ean 65 9C to 100 9C 
Storage Temperature. af hey Sak Gem at thy Re os Jed y : nar -65 °C to 100 OC 


NOTE Putsy Width 20 Ms, duty cycle G26 fe 


SUICET 


ee Texas INSTRUMENTS 2-1 


BUY71 
NPN SILICON POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
Icex Coltector-Emitter Leskage Current Vee * 2200V, Vege *-2Vv See Noto 1 1.0 mA 
ViBRIEBO Ernitter-Baze Breaxdown Voltage te *100mA, Ic 20 5 v 
VCE ti Cotlector-Emitier Saturation Voltage Ie tsa, igs 15A See Note 2 10 v 
VBE lsat) Baw Emitter Saturation Voltage ton ISA. Ipc 1SA See Note 2 1.5 v 
iT Collector Current Fall Time Ie = 1.2A 0.7 oy 


Under recommended drive comditrons. 
Tease * 80 5S 


NOTES: 1. Pulso wan S20 pb. Duty Cycle S25 4%. 
2. Pulsed rest. Putte durot.on © 300 is Dury Cycie S28, 
Trt text must De measured with .ollaze sen. sg COMtacts separate from carrying contects, 


DISSIPATION DERATING CURVE 


Diss pubon - Wane 


9 7 n a a nm 
Case tevgerarre (C) 


FIGURE 1 
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APPLICATION NOTES 


The operating efficiency and overall reliability of line scan transistors are very much functions of the transient dissipation 
during device ‘turn-off’, which is controlled largely by the applied base drive. 

Texas Instruments have determined the critical factors in the drive waveform for high voltage transistors and recognise that 
optimisation of these must comprehend device distributions, the total conditions of operation and the circuit tolerances ex- 
Petienced during equipment manufacture. 

The values given in Figure (2) are for the drive parameters as defined in Figure (1) ofr a BUY71, operating in a line output 
stage, without an efficiency diode, and comprehend operation at case temperatures up to 80 °C and variations of + 20% on 
nominal values due to supply and frequency variations and circuit component tolerances. 


Example 
A BUY71 operating in a line output stage with nominal tc peak = 1.2 amps and with output and driver acting in a non- 
simultancous mode, 
Reference to Figure (2) yields values for: 

tgend = 0.55 amps 

dlg/dt = 0.24 amps/ps 

Rge 2 3392 
The purpose of Rpg is to prevent ringing during the ‘oft’ period of the transistor. Its value is not critical and can be subjected 
1o the normal preferred value tolerances. 


Votf - the secondary negative source voltage — can be established by the circuit designer. 
From Fiqure (3) with Voft +4 V, d tg/dt = 0.24 A/us is obtained by using Lg = 21 uH. 


Taking a mark space ratio on: off ° 36 : 28 as derived from SN76544 the secondary positive source voltage Von = 28 x Vott/ 
3% 31v. 


Onve current supplied during the ‘on’ period: 

1Orve = Vge_E typ/Ree_ + Ig end 

> (Von ~ Vee typ) / Rp 

“Rp 3.8 £2 nearest preferred value = 3.92 
At this stage Lg/Rg & tot{max. must be applied. If this criteria is not satisfied then deviation from the recommended d |p/dt 
will be observed causing large variations in ts and ty and increasing device dissipation. Placing a diode across Rg as shown in 
Figure (1) veill make the effects of Rg negligible during ‘turn off’. 
Finally the effects of the diode and resistance in the driver secondary circuit may necessitate fine adjustment of Lg in order 
1o realise the recommended value of d ig/dt. 
Average power calculations for a transistor ina line output stage are very complex and application of the forward safe area 
curves to determine the effective junction to case thermal resistance is not strictly correct since a condition of negative base 
current exists during the period of maximum dissipation. 
However, operation of the BUY71, under the recommended drive conditions, is guaranteed at Tease S 80 OC. This provides 
a convenient reference point which is easily accessible for measurement by the design engineer. 


Hence: Tame ' PToT : (OC - amb) < Tcase max. 
where OC - amb > OC - hs + Ohs - amb. 
i.e. thermal resistance case to ambient. 
equals thermal resistance case to heat sink 
plus thermal! resistance heat sink to ambient. 


Example 

A BUY71 operating ina line output stage with a nominal Ic peak = 1.2 amps and maximum internal equipment ambient = 50°C. 
Figure (4) shows that the maximum power dissipated by the BUY71 will be 7.5 W allowing for all tolerances on the nominal 
conditions. 

“OC - amb ¢ (80 °C — 50 0C1/7.5 W = 4 OCW. 

Allowing 1 OC/W tor IC - hs means a minimum heat sink design would be for 3 °C/W maximum. 


a 
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FIGURE 2 
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BUY71 
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MAXIMUM DEVICE DISSIPATION VEASES 
DETERMINATION OF Lg Tc OBTAIN CORRECT PEAK Ic NOMINAL WARN OPEAATING IN A 
dig dt FOR VARIOUS VALUES OF Vor LINE OUTPUT STAGE WITH Teg 2 80 OC 


Lu = 
23 gs 
s 
‘Ss : 
‘ gevik 
” 5 cs vo oo 
wer mat ila Pece- Acs 
FIGURE 4 FIGURE S 
S44 T CHING TIMES WHEN OPERATING INA TYPICAL BASE EMITTER VOLTAGE 
LINE OUTPUT STAGE. Tea 80 9C UNOER RECOMMENDED DRIVE CONDITIONS 
i a Sree! 
” ds is 
16 
ma . 12 o» 
ts w 
? ce 
o8 
0 
06 
" 
ie en : 7 
on 10 % as os to 4 
bce nal be Peas + amps Ig - Ares 
FIGURE O FIGURE 7 
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TYPES TIT465A0 THRU TI145A4 
P-N-P-N DIFFUSED SILICON REVERSE-BLOCKING TRIODE THYISTORS 


1.6 AMPS DC e &0 to 400 VOLTS 
e@ High Surge Current Capability 
@ Low Forward Voltage Drop 


mechanica! data 


Tak ANDSE I$ LECTOrcal 
CONTACT WITH THE CASE. 


THE GATE TEMMIMAL (5 
CORRECTED TO AP REGION. 


eftant OF OurMt m—— AUL SEDEC 10-5 BLOCESIONS 
ta toni ortionat = armas © Ab Corn “T) AND MOTES ARE APPLICADLE. 
mane UML) OTtewns 
vicree 


absolute maximum ratings over operating case temperature range (unless otherwise noted) 


Frases of rasaa] riven] riraaaa[uniy] 
[Stave ON Stave Vottage, Vo SeoNow SSCS st | 200 | 300 | woo | Vv | 
[ Reownive Penk OFF State Volto, VonM See Note i] 80 | 100 | 700] 900 | 00 | 

[Seve Reverse Vortage, Va (See Now ty —SSSSSCSCSCSCSC*d( 8 | 100 | 200 | 300 | e00 | v | 
[ Reowttve Peak Reversa Voitoge, Vana (SeeNow i | 80 | too | 200 | 20 | «00 | v | 


Continuous or AMS On-State Current at (or batow) 60°C 
Cate Temperature (See Note 2} 

Average On-State Current (180° Conduction Angle) at (or below) 60°C 
Casa Temperature (See Note 3) 


Surge On-State Current (See Note 4) 


Peak Positive Gato Current (Pulse Width < 300 pel ees ere 
on (See Note 6) eae ees 
Operating Cosa Temperature Range Po 65s 105 


Storage Temperature Range —65 to 160 


Lead Temperature 1/16 Inch from Case for 10 Seconds ee ee 


sietance Aga <=. 


NOTES: 1, These velues apply when the ge ethode ‘ 
2, This value appties for continuous d-c operstion with resistive (oad, Above 60 C J é 
This value may be epplled continuously under single-phase, 60-He, half-sine-weve operation with resistive load, Above 60 C derste 


according to Figure 4. 


eccording to Figure 1. 
4. These values epply for one 60-Hz half ene wave when the device is operating at (or below) rated veluss of peak reverse voltage 


ond on-state current. Surge mey be repeated after ihe device hss returned to original thermal equilibrium. 


5. This vatue applies for 6 maximum averaging time of 16.6 ms. 


a SSS 
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TYPES TH45A0 THRU TI145A4 
P-N-P-N DIFFUSED SILICON REVERSE-BLOCKING TRIODE THYISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


Stove ON State Current 


Vp Rated Vp. Ig- o 
Va Rated VR. IG 0 
Va - Rated VQ. Ig 0. 
Gate Tricget Corrent {Vaa 6V. AL 1283, 


Stave Reverse Current 


Gate Tr o> Voitage 
Holding Current {RL vate Ig 0 
On-Stut- Voltas 


THERMAL INFORMATION 


AVERAGE O% STATE CURRENT OERATING CURVE 


eee 
Coos 
o 1a - 
Ww 1.2 
c 
° 
5 10 
io 
5 
~ 08 
g 
=z O6 
z 
Zz 04 
3 
= 0.2 
0 
-75 -50 -25 i) 25 50 7s 100 125 
Te -Case Temperature °C 
FIGURE 1 
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TYPES TIC44, TIC45, TIC46, TIC4? 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


SILECTT THYAISTORSt 
600 mA DC e 30 thru 200 VOLTS 


Rugged, One-Piece Construction with Standard TO-18 100-mil Pin-Circle Configuration 


mechanical data 
These thyristors are encapsulated in a plastic compound specifically designed for this purposs, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation, These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C method 106B. The thyristors are insensitive to light. 


Bae Meveng meamem deme (2019, shall be wats O07 of me Myo pence 
errered toe gugey plow OG below Ge many plone of thy dover seleme 69 
a 


THE GATE IS CONNECTED TO AP REGION 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

[ticaa] Tras | ricee] t1C47] unit] 
| Stane OFF Stare Voltage, Vp (See Note t) | 30 | 60 | 100 | 200 | 
Revatitive Peak Ott-State Vaitage, Voge (See Note 1) | 30 | 60 | 100 | 200] v | 
Stace Reverse Vottage, VR (See Note 1) | 30 | 60 | 100 | 200] v | 
Aeoatitive Peak Reverse Voltage, Vann (See Note 1} | 30 | 60 | 100 {| 200] v | 
Continuous or AMS On-State Current at lor below) 55°C [ma | 
Cave Temperature (See Note 2) 


Continuous or AMS On-State Current at (or betow! 25°C | wo | ma | 
Feo-At Temperature (See Note 3) 

Aveage On State Current (180° Conduction Angle) at (or below! 56°C | ao [ma] 
Cato Temperature (See Note 4) 


Surge On-State Current (See Note 5) 


eee ee 
Peak Negative Gate Voltage ae Se 

ER ee 

Te 


Peak Positive Gute Current (Pulse Width < 300 us) 
Peak Gate Power Dissipation (Pulse Width < 300 us) 
Operating Free-Air Temperature Ronge 


Storage Temperature Range P-S5to1sO | 
Lead Temperature 1/16 Inch from Cate for 10 Seconds ee ce 


NOTES 1 alues apply when ine gate-cathode realstance Ag <1 kM 
. , 

2. pply for continuous d-c operation with resistive load Above 55°C derate according to Figure S. 

2. ply for continuous d:¢ operation with resittive toad. Above 28°C derete according to Figure 6. 

4 


" . f ° 
. This value mey be applied continuously under single phase, 60 Hr, naill-sine-weve operation with resistive load. Above 35 C derais 


according to Figure 8. 
5. This value applies for one GOH? nail sine wave when the device is operating st (or below) reted values of peak reverse voltage end 


©” state current. Surge may be repeated after the device has returned to original thermal equilibrium, 


"Trademark instruments 
[U. 5. Patent No. 3,439,238 


ST 


TEXAS INSTRUMENTS 2-14 


TYPES TIC44, TIC45, TIC46, TIC47 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


[_____eanameven | Yes conoitions_________] wn max 
[ip Sune OnSuu Curent ——~SSSC*di Raed Vp, Ages 1A, Tas 195°C oo) 
[iq Stave Reverm Current __——SSSS—=*dV a RatesVa. RG = 1A. Tan tse +8 
[it Gate Trop Curent See Now6l [Van 6V,__AL= 1000, tpigy > 0m {200 

[Vaa=6V. AL 1000, pig) 20m, Tas Veo? | 
[in Horgng Curent SSCS WOO GK CCC 
[vr __OnSute Vorge SS —i  0 m, mz! 


AGK 2 1kQ, See Note 7 


NOTES: 6. When mesiurng thew paraneters. 8 142 ressior should be Used between gate and cathods 10 prevent tragering by random 
nome, 


7, Thit parameter is measured ung pulse techniques, ty * I ms, duty cycle < 1% 


switching characteristics at 25°C free-air temperature 


[PARAMETER TEST CONDITIONS 
tar Gate-Controtied Turn-On Time VARS SDN: BLOM NE - AGS 20K. Vinin4Q¥: 


See Figure 1 


lq Cucunt-Commutated Turn-Off Tame VARS ION. ORES SOR: BANS TA: 
See Figure 2 


ermal characteristics 


Rejc Junction-to-Cae Thermal Rewsunce 


Roja Juncwon-to-Free-Air Therma) Resistance 


4a TEXAS INSTRUMENTS 


TYPES TiC44, TIC45S, TIC46, TIC47 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


PARAMETER MEASUREMENT INFORMATION 


iNpuT Vin 


a | 


1 
’ vr 
OuTPUT 90% ° 


VOLTAGE WAVEFORMS 


a 
Seo Notes A, B, and C 


See Note D 


GENERATOR 


TEST CIRCUIT 


TEST CIRCUIT 


FIGURE 1—-TURN-ON TIME FIGURE 2—COMMUTATING TUAN-OFP TIME 


NOTES. A. Vin it measured with gate and cathode terminals 

connected a9 shown and encde terminal open, 

6. The input waveform of Figure 1 has the fotlowing 
characteristics: te < 40 ne, ty > 20 ue 

C. Wovetorms are monitored on en orcilloscope with the 
“tollowing characteristics: t, <14n8, Ay, 2 10MM, 
Cin S12 pF. 

0. Ag includes the torel 
the external resistor, 


nce of the generator and 


———— =e 
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NOTES: E. Pulse generation for Vy and V2 are synchronised to 
provnde on anode current wavelorm with the 
following charecteristics; 1°50 to JOOS, duty 
cycles 1%. The pules widths of Vy and V2 are 
7 10ms 

F. Rewstor Ay 1s adjusted for iggy es 1 AL 
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TYPES TIC44, TIC45, TIC46, TIC47 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


THERMAL INFORMATION 


AIAXUMUM AVERAGE ANODE POWER DISSIPATED 


“ 
The minimum heat-sink requirements may be calcu io AVERAGE ON-STATE CURRENT 
lated lor any on-state current, heat-sink combination 
by the following procedure: Zo9 
1. Determine worst-case power dissipation from z 
Figure 3. Ey 08 
2 Calculate maximum allowable case to-free.air ra 0.7 
thermal resistance by use of the equation. z 
© 06 
3 
Ty-Ta ¢ 
Re = = Ra &£ 
cA Patav) He < 05 
2 
where’ Ty - Junction temperature 2 0.4 
Ta = Free.air temperature 2 03 
Patay] - Average anode power dissi- 202 
pation (see Figure 3 for L 
worst-case values) : O14 
a 
Rg Jc = Junction to-case thermal resis: 6 
tance = 75° CAY maximem 0 100 200 300 400 500 G00 700 
' <A c t-mA 
3. Determine area of heat sinx from Figure 4. as Seatac 
FIGURE 3 
EXAMPLE TYPICAL HEAT-SINK AREA 
“ 
-TO-FREE. HERM RESISTANCE 
Determine: Minimum size of 1/16”-thick alumi Se err niee Acca HEAT SUNK 
num heat sing for safe operation of 
thyristor at an average currentofO4dA 0 
with a conduction angie of 180° 
Given: Maximum Ty = 125°C 40 
Ta-35C 
Rojec - 75°C £20 
Soluuon. From Figure 3, Paja,) > 084 W tor : 
0.4A with 180° conduction angle. 510 
Using the equation of step 2 above: “ 
&7 
125°C - 35°C 6 2 A 
R, ee ae Wi > = 
OCA 0.84 Vi SC. 32°C a 
< Mounted with 
Figure 4 shows that lor Rgca of 32°CMY, the area wiatstinia Engaeeing 
18 18 sq. tn. The minimum dimensions of the sides 2 | Delta Bond No. 152 
should be: 


General Purpose Epoxy Adhesive 


See Notes 8 and 9 


1 
fatea , fea _/18 ,/18 x.y 4. 10 20 40 70 100 
2 S22 f2V¥2° 7% Roca--Case-To-Free-Air Thermal Resistance-"C/W 


FIGURE 4 


NOTES 6. The thyristor 
heat-tnk ar 


Mounted 19 the center of # rquore Neat tink vert 
twice the area of one side. 


My post 


ned in stil free air with bomn side 


- Reca includes the cate to heal sink thermal resstance, Ay cys. 7 addition to ths heat sink 10-free air thermal resistance, AgHSA 
na 16 defined by the equation, Reca ~ Rocns * Ronsa- 
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'¥ (ov) ~ Manimum Average On State Current- mA 


Ip-Stave Off Stare Current vA 


TYPES TIC44, TIC45, TIC46, TIC47 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


THERMAL INFORMATION 


AVERAGE ON-STATE CURRENT DERATING CURVE AVERAGE ON-STATE CURRENT DEARATING CURVE 
700 


Nn Ee 
fal “ESR 


ard a 


=f TAN os 


ie} 25 50 75 100 126 
Tc-Case Tempersture—"C Ta—Free-Ar Temperoture—"C 
FIGURE 5 FIGURE 6 


TYPICAL CHARACTERISTICS 


STATIC OF F-STATE CURRENT STATIC REVERSE CURRENT 


“ “ 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Iq—Suotic Reverse Current—pa, 


Ta—Free-Air Temperature—"C Ta—FreeAir Tamperature—"C 


FIGURE 7 FIGURE B 
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TYPES TIC44, TIC45, TIC46, TIC47 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL CHARACTERISTICS 


GATE TRIGGER CURRENT GATE TRIGGER VOLTAGE 


“ “ 


FREE-AIR TEMPERATURE 


FREE-AIR TEMPERATURE 
1000 
400 
{100 > 
a & 
& 40 F 
5 > 
o - 
& 10 3 
= rd 
F ; 
« 4 £ 
ia if 
L - 
§! 2 
0.4 
01 0 
-75 -75 -50 -28 0 25 50 75 100 125 
Ta—Free-Ar Temperature-"C Ta—Free-Aur Temperature-°C 
FIGURE 9 FIGURE 10 


NOTE 6: When manuring these paramezars, a 1k {1 resistor snould be ured Detwaen gate and cathode to pravent triggering by random nol, 


HOLDING CURRENT 
“ 
FREE-AIR TEMPERATURE 


GATE-CONTROLLED TURN-ON TIME 
“ 


GATE CURRENT 


10 
Vaas WV 
a RAL -s0n 
- tpig) > 20 us 
E Ta = 25°C 
fas 
c 
é 6 
i c 
€ 3 
e r 
é 2 
° J 
€ = 
: 5 
7 é 
= 6 
L 
> 
C) 
-75 -50 -25 0 25 BO 75 100 125 
Ta—Free-Air Temperaiure—"C 1G—Gate Cursent—mA 
FIGURE 11 FIGURE 12 
2-148 TEXAS INSTRUMENTS 


TERAS INSTRUMENTS RESERVIS THE RIGHT TO MARC (MANGES At 
IM OROLE TO IMPROVE DISIGN AND TO SUPPUT THE BCS! PRODUCE 


SERIES TIC106 
P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


° 5A0C 

© 30V to 400 V 

© 30 A Surge-Current 
Max IGT of 200 yA 


mechanical data 


THE ANODE [S I ELECTRICAL CONTACT BITH THE MOUNTING 148 
TME GATE TERMINAL IS CONNECTED TO AP REGION 


wicwanicag atta 


ALL Omron AE mm CE 


absolute maximum ratings over operating casa temperature range (unless otherwise noted) 


ret [ict | rictoaa | ricvose [ricvoec | tictoso [unit] 
[Feostive Peek OnSivi Votiw. VonmiGeNowt[ 20 | so | 100 | 200 | 00 | «0 | v | 
[ Revere Peak Reverse Vottoge. Vnam | 30 {| 60 | 100 | 70 | 30 | «00 | v | 
Continuous On-State Current at lor below) et a ow eee” suleay 
Averege On-State Current (180° Conduction Angie} | a | 
at (or below) 80°C Cate Temperature (See Note 3) 
| Surge On-State CurrentiSeeNowea) P| 
Peak Postive Gate Current (Pulse Width < 300 ys) 
Peak Gate Power Dissipation (Pulse Width < 300 ys) 
Average Gate Power Dissipation (See Note 6} 


Operating Case Temperature Range 


sisi Sescantin Wines te tas 
Lead Temperature 1/16 neh fom Caw for 10Seonm | SSSCSCSC—CSSCSC~—S 


NOTES: 1, These veiues epply when the gete-cathode retinence gx «140. a 
2. These values epply for continuous d-< operation with resistive load, Above 80°C cet . 
3. This value may be applied continuously under single-phase 60-He helf-sineweve operation with resistive load, Above 80°C derate 


according to Figure J, 


*ccording 10 Figure J. 

4. This value appiles for one 60-H2 half-sine-wave when the devi 
On-atate current, Surge may be repested after the device has returned to original thermal equilibrium, 

5. This value applies tor # manimum averaging time of 16.6 ms. 


js operating et (or below) reted values of peak reverne voltage end 


eee 
TEXAS INSTRUMENTS 2-149 


SERIES TICIO6 
P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


Vaa*6V. AL = 1008, Rox «1k, 
thig)? 2 us. Tes -40C 
Vaa6V. AL *100N. AgK = 1kR, 
Itpigi? 20.1 
VAA' OV, RL= 1008, Agx = 1kN, 
thigh? 20 us, Te*110C 
AGK © PEM, Initiating It © 10 mA, 


VG Gate Trigger Voltage 


Vy Holding Current 


Rox = 1&2, Initiating ty = 10 mA 
VIM Peak On-State Voltage See Nore 6 


dvidt Critical Rate of Arse of Ot!-State Voltage] Vp = Rated Vo. R6Kk * Vkit, To = 110°C 


thermal characteristics 


PARAMETER 
Rajc Junction-to-Case Thermal Resistance 
Resa Junction-1o-Free-Air Thermal Resistance 


NOTE 6: This param: Mutt be meswred uang ovuise techniques. ty, = JOO us, duty cycle & 2%. Voltage sensing contacts, seperate from the 
current-carrying Contacts, are :Ocated with.n 0.125 inch from the Gev.ce body. 


a a STD, 


2-150 TEXAS INSTRUMENTS 


SERIES TIC106 
P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS 


. Vana =3OV, AL=6N, RoKiet) °S&n. 
iit 
Ww Gate-Controiied Turn-Or-Time Vin = $0.V, Seu Figure 1 


Vaa~a0V, AL-69, Inm~8A, 
tq Circuit-Commutated Turn-Off Thme us t aM 
See Figure 2 


PARAMETER MEASUREMENT INFORMATION 


Y2 0 
Yt0 


INP’ vf 
ut in dios 


OUTPUT 


Va 


H 
' 
dhe Ig 
WAVEFORMS 
VOLTAGE WAVEFORMS 


See Notes A, B, and C 


RAGK (eff) 
tNPUT 


iNorunductve 
Monitor 
Reston 


GENERATOR 


TEST CIRCUIT Generator Synchronization 


TEST CIRCUIT 
FIGURE 1 — GATE-CONTROLLED TUAN.ON TIME FIGURE 2-CIRCUIT-COMMUTATED TUAN-OFF TIME 
NOTES: A, Vin is measured with gate and cathode terminals open. 


a 
8. Tho input wavotarm of Figure 1 ha the following character st, S40 na 1, 2 20 we 

C. Waveforms are monitored on an oscilloscope with the following charactenstics: ty © 14 08, Ayn > 10MM, Cin S 12 DF. 
ie 

E 


- AGK ett) Includes the total resistence of the generator and the external resistor. 
. Pulse generators for Vy and V2 are syachronited 10 provide an anode current waveform with the following characteriaticy: 
tw 7 50 to 300 us, duty cycle = 1%. The pulse widths of Vz and Vz are 4 10 us. 


Resistor Ay is adjuatod tor laa * OA. 


a 


I 


TEXAS INSTRUMENTS 2-151 


SERIES TIC106 
P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


THERMAL INFORMATION 


MAXIMUM CONTINUOUS ANODE POWER DISSIPATED 
AVERAGE ANODE “a 


FORWAAD CURRENT DERATING CURVE CONTINUOUS ANODE FORWARD CURRENT 


Cordustios 
Ange 


te fay) Maximuin Average Anode Forward Current-A 


Pa. Maximum Continuous Anade Power Ditspated W 


3 4 so. 680 70 8 90 100 110 1 2 4 7 10 20 40 70 100 
To-Case Tenperatare—"C If -Continuous Anode Forward Current—A 
FIGURE 3 FIGURE 4 


SURGE ON-STATE CURRENT 
“a 
CYCLES OF CURRENT OURATION 


TRANSIENT THERMAL RESISTANCE 
“ 
CYCLES OF CURRENT DURATION 


“Cw 
— os 


Itm—Posk Ialf-Sine Wave Current A 


Rayciy-Transent Thermal Resistance- 


Consecutive 6O-Hz Half-Sine-Viave Cycles Consecutive 60-Hz Hall-Sino-Wave Cycles 


FIGURE 5 FIGURE 6 


NOTE 7: This curve shows the maximum number of cycles of surge current for which gate control Is guaranteed provided the device le Initlolly 
#1 nonopereting thermal equlliprium, 
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SERIES TIC106 
P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL CHARACTERISTICS 


GATE TAIGGER CURRENT GATE TRIGGER VOLTAGE 
“ “ 
CASE TEMPERATURE CASE TEMPERATURE 


4 > 
D 
i b 
3 $ 
fS e 
H H 
* 
' 
8 $ 
0 -% oOo 7% 68 75 100 128 
To—Cose Temperature—"C To—Cam Tampersture—°C 
FIGURE 7 FIGURE 6 
GATE FORWARD VOLTAGE HOLDING CURRENT 
“ “ 

GATE FORWARD CURRENT CASE TEMPERATURE 
> 
i 
3 i 

4 
} E 
3 
oo 
E £ 
5 3 
: f 
5 x 
s = 
: 01 O04 1 2 4 10 20 40 100 400 1000 60-25 Qo 25 50 76 100126 
IGF—Gete Forwerd Current—mA To—Cam Tempermure~"C 
FIGURES FIGURE 10 


meswured using pulse techniques, ty * 300 ps, duty cycle < 7%. Voltege-censing contacts, seperate from the 
‘0 located within 0.126 Inch from the device body, 


NOTE 6: Thla parameter must 


Current-cerrying cont: 


TEXAS INSTRUMENTS 2-153 


SERIES TIC106 
P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL CHARACTERISTICS 


PEAK CN-STATE VOLTAGE 
“ 


PEAK ON STATE CURRENT 


To+2%C]: 
See Nate 6 
> 
3 
> 
2 
s 
a 
= 
i=} 
a 
é 
= 
- 
> 
ITai—Peak On-State Current-A 
FIGURE 11 
GATE-CONTROLLED TURN-ON TIME CIRCUIT-COMMUTATED TUAN-OFF TIME 
“ “ 
GATE CURRENT CASE TEMPERATURE 


Vans 30V 
Vin SOV 
AL°GA 
Roxietn "5 «2 
totg) » us 
Te+ 25C 

See Figure 3 


Vaa* 30V 

AL 622 

Iam 2 8A 

See Figure 2 — 


tr ~Gate-Controlled Turn-On Time-ys 
tq—Circurt-Commutated Turn-Off Time—ps 


o.1 0.2 04 071 2 4 7 10 20 40 60 80 100 120 
Ig—Gate Current-mA Tc-Caw Temperature—°C 
FIGURE 12 FIGURE 13 


NOTE G. This parameter must be measured using pulue techniques.t,, = 300 ys. duty cycle < 2%, Vor, 
r@ located within 0.125 Inch fram the device body. 


separate fromthe 


Tt cesaar esteme omy casper 
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TLTAS UWSTOUMIATS RESCEVES THE RIGHT TO MANC CHANCES AT ANT 
IN OROER 10 IMPROVE OLSIGN AND [0 SUPPLY THE BCST PRODUCE AX 


SERIES TICHG, TIC126 
P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


e 8Aand 12ADC © 80A and 100 A Surge Current 
e 50V to 600V © MAX Igz of 20mA 
mechanical data 
THE ANODE (3 ty ELECTRICAL CONTACT aiTn THE MOUNTING TAB 


Tmt GATE TERMINAL ISCOMALCIED TO AP RI CION 


PCAN Cae Unt aca ae TY Ce Tee HCITY 
AST Pace AcE wits 10 a8 CUPL ene 


esr ae 


ALLE ENS OMS aan wince 


Repetitive Peak Off State Voltage, Vorm (See Note 1) 


Repetitrve Peak Reverse Voltoge, VRAM 


[Msuttx | 600 |” 600_| 
| Continuous On-Stere Current at (or below) 70°C Coe Tempersture(SeeNore 2) | t2 | A _| 
| 5 [ 75 | 


Average On Stata Current (180° Conduction Angle) at (or below) 70°C Cane Temperature (See Note J 


ra] 
[Suge On Stew Current iSeanowea dt to 
= 
| 


| Peak Posie Gave Current Pute With < 300 SSSSSCSCSSCSSCSCSCSCS Cd 
| Peak Gate Power Dissipation (Pulm Width < 300s Sid 
[Average Gate Power Oisipation SeeNowS) Sd 
| Operoung Cone Temporature Range Sid ao O° 
[=a0 e195] 0] 
[230 Te] 


Storage Temperature Range 


Lead Temperature 1/16 Inch from Cese for 10 Seconds 
NOTES: 1, Those values opply when the gato-cathode resistance Ag, = 1 kit. 
2. These values apply for continuous d ¢ operation with resletive load. Abows 70°C derate according 10 Figure 3. . 
3. Thit value may be applied continuously under single phase, 60-Hz, halfsine wave operation with resistive load, Above 70°C dorate 
eccording to Figura 3. 
4. This value applies for one GO-Hr ha 
on-state current. Surgo may be rapeated af 
6. This 


Ine wave when the device is opereting at (or below] rated values of peak reverse voltage and 
e device has returned to original ihermel equilibrium, 


Texas INSTRUMENTS 2-155 


SERIES TICH6, TICI26 
P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


electrical charactoristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS | senres MIN TYP MAX co 


Repetitive Pook 
Off-Stete Current 
Repetitive Pask 
'RRM Revene Current 


'DRM 


|vo = Rated Vonm, AGK EN, To= 110°C 


VR 7 Reted Vaam, Ig =, Te 110°C 


VAA = 6. AL< 100. AGK et kn, 
tig) > 2 ss, Tce 40°C 


VGT Gare Trigger Vo'sge 


VAAc BV, RL © 100. Agk et kn, 

Ipigh > 20 u1. Te2 110°C 

TVaa“6V. 

ly Hoiding Current iTe = 40°C 

Agx 21k, Initiating It = 100 mA 


ir =BA, See Nove [rene] 77 
I 
Vr RekOnsene WONT ity say See Now 6 ie) 
Critica! Rate of Rise 


VoeR Ig *0, = 110° 
a of Off-State Voltage 0" Rand Vo. G70. Te 


hermal characteristics 


PARAMETER mr 


Rejc Junction-to-Case Thermal Rewstance 
Raja Junction-to-Free-Air There! Reustence 


NOTE 6: Thls parameter must De measured using pulse techniques. ty, © 300 ws, duty cycie < 2%, Voltage-sensing contacts, separate from ihe 
current-carrying contects, ere located within 0.126 Inch fram the device body. 


a I a SED 
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SERIES TICII6, TIC126 
P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


rwitching characteristics at 26°C case temperature 


TEST CONDITIONS 


VaaeDV, RL“8N, RGKist = 100, 
Gate-Co iit 
tgt ntrolied Turn-On Time Vin © 20 V, Figue 1 
AAS AL<6n, - 
‘q Cireuit-Commutated Turn-Off Time v ah te L° IAM? 104A, po [ome | 


PARAMETER MEASUREMENT INFORMATION 


Y20 
v1 0 
a Iv 
INPUT v rte. | 
0 Lion Ip Meee 
' 
_ igt —ad 
1 
OUTPUT \ 90% YT 
0. 
VR 


wtletg 


WAVEFORMS 


VOLTAGE WAVEFORMS 


| 


Thytiatoe 


See Notes A, B, and C 


See Note 0 


AGKietf) 
INPUT 


(Norunducteve 
Monitor 


GENERATOR 


a Ranstor) 
i 
TEST CIACUIT Generator Synchronization 
TEST CIRCUIT 
FIGURE 1 ~ GATE-CONTROLLED TUAN-ON TIME FIGURE 2—CIRCUIT-COMMUTATEO TUAN-OFF TIME 


NOTES: A. Vig fe measured with gate end cathode terminals open. 
. The (neut waveform of Pigure 1 has the following charactertetics: ty © 40 m4, ty > 20 ue 


A 
8 
C. Wevetorme are monitored on an osclitoscope with the following characteristics: tp < 14 m8, Aj, > 10 MM, Ci, S 12 DF. 
° 
€ 


+ Panett) includes the total resistance of the generator and the extern lator. 
+ Pulse generators for Vy snd V2 sre synchronized to provide an snode current waveform whh the following cheractertstice: 


tw 7 80 to 200 pe, duty cycle = 1%, The pules widths of Vy and V2 ere > 10 ws, 
F, Flestator Ay ts adjusted for may @10 A. 


a TS 
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SERIES TICH6, TICI26 
P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


THERMAL INFORMATION 


MAXIMUM CONTINUOUS ANODE POWER DISSIPATED 
“a 


AVERAGE ON-STATE CURRENT DEAATING CURVE CONTINUOUS ONSTATE CURRENT 
16 Es 
* z 
E 14 3 
é a 
L*) 
2 ' Condsct.on 3 
s : : Angie 3 
o i \ 4 
é 10 Series TIC126 = ° 
ie) 1 z 
& ‘ Series TIC116, & 
gE : 
g z 
5 (66 rea FS 
£ | ! 5 
ie 7 ” ° 
= 4 r 1 @ = 180 : E 
5 Series TICTIG é 
x 
z 2 2 
ir 1 
< 
0 - a f 
3 40 50) 60 70 BO 98 100-110 01 02 04 4 710 20 40 70100 


Tc —Case Temperatuce-"C 17 Continuous On-Stote Current: A 


FIGURE 3 FIGURE 4 
SURGE ON-STATE CURRENT TRANSIENT THERMAL RESISTANCE 
“ 
“ 
CYCLES OF CURRENT DURATION CYCLES OF CURRENT DURATION 


uo 
7 " 
7 £ 
5 § 
5 3 
o ct 
g « 
2 fs 
g £ 
un - 
z 5 
3 s 
< e 
1 I 
2 = 
= 9 

g 

e 

« 


1 2 4 7 10 20 40 70 100 


Consecutive 60-Hz Half Sina-Wave Cycles 


Consecutive 60-Hz Half Sino-Wave Cycles 


FIGURE 6 FIGURE 6 


NOTE 7: This curve shows the maximum aumber of cycles of surge current for which gate control Is guaranteed provided the device Is Inlisiily 
at nonoperating thermal equilibrium. 
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SERIES TIC16, TICI26 
P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL CHARACTERISTICS 
GATE TRIGGER CURRENT GATE TRIGGER VOLTAGE 
“ “ 
CASE TEMPERATURE CASE TEMPERATURE 
Vaar6v 
Rp e1ka 
t >20 
2 ‘atg) us 
E > 
7 1 
i H 
8 $ 
5 FE 
© 5 
5 = 
Qo 9 
1 1 
re bk 
) oO 
¥ > 
= -25 o 3 so 5 100 425 
-580  ~25 0 25 50 75 100 «128 = 
Tc -Case Temperature—"C To -Case Temperature—*C 
FIGURE 7 FIGURE 8 
GATE FORWARD VOLTAGE HOLOING CURRENT 
“ 
GATE FORWARD CURRENT CASE TEMPERATURE 
Vaa*6V 
Rox 71kn 
> Initiating IT = 100 mA 
f 
7) < 
= E 
5 = 
2 € 
3 
z 3 
Pd 2 
g 3 
8 2 
1 t 
4 x 
$ =; 
> 
Igp—Gate Forward Current—mA Te-Cae Temperature—"C 
FIGURE 9 FIGURE 10 


NOYE 6: This parameter must be measured using pulse techniques. t, = 300 ys, duty cycle < 2%, Voliage-sensing contacts, seperate from the 
current-careying contacts, ere located within 0.125 Inch from the device body. 


TEXAS INSTRUMENTS 2-159 


SERIES TIC16, TIC1Z26 
P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL CHARACTERISTICS 
PEAK ON-STATE VOLTAGE 


uw 
PEAK ON-STATE CURRENT 


Te+ 25°C |) 
See Note & 

> 

3 

; | 

S 

2 

% 

6 oT Series TIC 

= ‘ 

£ 

e 

= 

i 

> 

0102 04071 2 #4 #710 20 40 70100 
lynr—Peak On-Stare Current-A 
FIGURE 11 
GATE-CONTROLLED TURN-ON TIME CIRCUIT-COMMUTATED TURN-OFF TIME 
“ “s 
GATE CURRENT CASE TEMPERATURE 


Vaan 20V 
Vin * Ig X 1000 
RL-6n 
Rextett) > 1000 
tptg) > 20u8 

To = 26°C 


tgr—Gate-Controlled Turn-On Time—ps 
tq—Circuit-Commutated Turn-OH Time 


Ig—Gate Current—mA To—Cato Temperature—°C 


FIGURE 12 FIGURE 13 


NOTE @: Thle peremeter must be meesured using pules techniques. t,, = 300 we, duty cycle < 2%, Voltagesensing contacts, seperste from ihe 
current-cerrying cont etfs joceted within 0.128 Incn from the device body. 


" 
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TCLS UNSTRUMENTS REVLAVES THE RIGHT TO MAKE CHANGES AT 
1M ORD(E 10 (IMPROVE OLSIGN AWD TO SUPPLT THE GEST PRODAT 


axponiblity for omy coreaity shown 
Do that they ave fore from potent seloeguess! 


TYPES TIC226B, TIC226D 
SILICON BIDIRECTIONAL TRIODE THYRISTORS 


BARMS e 200 V and 400 V 
TRIACS 
for 


HIGH-TEMPERATURE, HIGH-CURRENT, and HIGH-VOLTAGE APPLICATIONS 
© Typ dv/dt of 500 V/s at 25°C 


description 


These devices are bidirectionat triode thyristors (triacs) which may be triggered from the off-state to the on-state by 
either polarity of gate signal with Main Terminal 2 at either polarity. 


mechanical data 


MAIN TERMINAL 213 IN ELECTRICAL CONTACT WITH THE MOUNTING TAR 


MGC Os TEMALAR ITY OF Tet Ee ne 
7 AST et OAC KAGE BI TOO OUTLINE 
mug ARTIC OF (CATR. 
Ong OF Lake 


en) oom 
Cr Laletad 
Temagthe 


[riezso [aco 

Full-Cycle RMS On-State Current et {or below) 

85°C Core Temperature, IT (AMS) {See Note 2) 

Peak Gate Current, Iga ae ee ee ee 
Average Gato Power Dissipation, PGigy), at (or below) 

Storage Temperature Range 
2. This value applies for B0-Hs to 60-Ha fullaine-wave operation with resistive load. Above BB°C derate according to Figure 2. 
4. Thia value opptios for ane 60 He half sine wave when the device Is operating a1 (or batow) the rated value of on-atete current. Surge 


R Peak Ott Vol v (See Note 1) miceess ae 
jepetitive Pea “State Voltage. VoRM ote TI ry 
Peak On-State Surge Current, Full-Sine Wave, [Tsu (See Note 3) 
Peak On-State Surge Current, Half-Sine Weve, Itsm (See Nots 4) -—3—_ + 
Peak Gate Power Dissipation, Poy, at (or below) 
B5°C Case Temperature (Pulse Width < 200 ys) 
85°C Case Temperature (See Note 5) eS 
Operating Case Temperature Range 40 to 110 aC 
401125 Tc 
Load Temperature 1/16 Inch trom Case for 10 Seconds [ 2 | ‘tc | 
NOTES: 1. These values epply bidirectionaliy for ony vatue of resistance betwaen the gate end Main Terminal 1. 
3. This value applies for one GO-Hr full sine wave when the device is operating at lor below) the rated velue of on state current, Surge 
‘may bo repeated after the device hat returned 10 original thermal equilibrium, During the urge, gate control may be lost. 
may bo repeated after the device has returned to original thermal equilibrium, During the surge, gate control mey be lost. 
6. This value applies for a maximum averaging time of 10.6 mm. 


" All voltage values are with respect to Main Terminal 1. 


Texas INSTRUMENTS 2-161 


TYPES TIC226B, TIC226D 
SILICON BIDIRECTIONAL TRIODE THYRISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted)t 


Vaupply © -12 Vt, See Note 7 


8 
r=) 
i 
~ 
=) 


Critical Rate of Rise RF Rated V 1 0. 1 io’ 
= Rate ; =0, . 

of Off-State Voltage ORM ORM. 'G c 

Critical Rare of Rise of 


Commutation Voltoge 


Vorm ® Rated Vora. ItTaAM” £12A,Tc 7 BS°C, 
See Figure 3 


PARAMETER TEST CONDITIONS [MIN TYP _MAX [UNIT] 
1 Repetitive Peak v Raven's ; 5 a sore 
= Rai ee % 
ORM onrstate Current DAM DAM. |G c 
Vga SEVER TOR, gig > Pe a 
Veopply 1 VEW ALT NOR. pial * [= 25-50 | 
IGTM Peak Gate Trigger Current | _twPmy L pigh > 20 us 
Vay =TEVT. RESTOR. pig’ > 7m a 
Vago =TEVEFLTTOR, pig > 8, I 
Yappiy = EVE, RUT TO, pig 20 [835 
Vv + eleve, RL iON. tog) > 20 [12-25 | 
VGTM Peak Gate Trigger Voltage | “morly © * LON. tig uy 
VarsiyT STEWTRETOR, pips 2m [a 25 
Vaupeiy 7 =TE VT, —RL= TOR ipigh > 2008 ee eee 
a Ra i ELL ig = 100 mA, See Nowe 6 A 
apply © *12 Vi 'G20. : Te * [206 | 
1H Holding Current Viupoly 7 112 Vt. iG * 9. nitiating IT aq = 600 mA 
Veupply "-12 Vt. 1g 29. Initiating tm = —S00mA[ 30-60 | 
seapely 2 12Nt UATE [3070] 
IL Latching Current [ma | 


TAI voltage values cre with easpect to Main Terminal 1, 


NOTES: 6. Th. p.rameter must be memured uting pulse techniques. ty, < 1 ms, duty cycla < 2%, Voltage sonsing contocts, sop: 
current carrying contacts, ate tocated within 0.125 Inch from the device body. 


je trom the 


7. The triacs are wiggered by @ 1S-V (open-circuit amplitude) pulse eupplied by a gonerator with the following characterktcs 
Ag * 1002, ty, © 20 ys, tp S15, S15 oe 1 kee, 


thermal! characteristics 


Reja  duncton-to-Free-Aw Thermal Resustance 


[wax] on 
ae eewes ee 
ez | 
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TYPES TIC226B, TIC226D 
SILICON BIDIRECTIONAL TRIODE THYRISTORS 


a 
PARAMETER MEASUREMENT INFORMATION 


The rate of rise of commutation voltage is detined as the slope of the line connecting the 10% and 63% test voltage 
points. 


The enitical rate of rise of commutation voltage is the rate above which the device will not sustain the off-state 
following conduction but will conduct current in the opposite direction in the absence of a gate-trigger signal. While 
this failure to switch to the off-state is not detrimental to the thyristor, it does result in loss of control of power to the 
load. 


LOAD 


60-Hr 
SUPPLY 
VOLTAGE 


TEST CIACUIT 


SUPPLY 
VOLTAGE 


MAIN. TERMINAL 
CURRENT woe = pt ~ --- - ae -- 


MAIN-TERMINAL 
VOLTAGE 


a 


GATE 


CURRENT 1 Uy U 


VOLTAGE WAVEFORMS 


FIGURE 1-COMMUTATING dv/dt 


NOTE A. The gate-curront pulse ia furnished by a trigger circult which prevents essentially an open circult between pulses. The pulse is timed 
{0 that tho off-stote-vottago duretion Is approximately B00 ys. 


ES 
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TYPES TiC226B, T1C226D 
SILICON BIDIRECTIONAL TRIODE THYRISTORS 


THERMAL INFORMATION 


MAXIMUM AMS ONSTATE CURRENT 
“ 
CASE TEMPERATURE 


MAXIMUM AVERAGE POWER DISSIPATED 
“ 
AMS ON-STATE CURRENT 


TO Codartan Ange + 280" 
| fon ote 8 


Syumnes) Meee On Stem Corres 
Pega) Meter Average Pomeee Coen gated 8 


i) a = > = 7 is 


Ye: Cam Tee 79 6 
FIGURE 2 
SURGE ON-STATE CURRENT 
ui 
CYCLES OF CURRENT DURATION 


Teimery, BS On Sree Coens aw 


FIGURE 3 


NOTES: 8, For operation at current graster then @ empsrms, tm 
Figure 4, 

9. The dashed curve shows the maximum numoer cf 
cyclos of surge current recommended for safe opera 
MOM Provided the device 16 initially Operating at, or 
below, the tatod vatue of on stete currant: howexe, 
during the surge period gato control of the device may 
be lost 

10. Tho sobd curve shows the maximum number of cycler 
of surge current for which gato contro) is quaraniend 
Provided the device is initially at NoMOperating thermal 
equilibrium 


ppb an ete ee oR 


Ntgan Fran Fan Se mae Cott 8 


Le, 
eS en) 


Commit we Omi be Se Ree Coven 


FIGURE 4 
TYPICAL CHARACTERISTICS 
PEAK GATE TRIGGEA CURRENT PEAK GATE TRIGGER VOLTAGE 
“ 


CASE TEMPERATURE CASE TEMPERATURE 


[Vesgars f= 12 
aon 
tptg 20 ot 


[ Yo ree! Poot Gam Penggee vermage =v 


Ve yah Peas Gare Te gw Gennes ma 


“© -A 0 OM OM Om Im 18 


Te Camm Temperotern 6 


FIGURE 5 FIGURE 6 


Th poly voltage is called positive when It causes Msin Termins! 2 to be positive with rei t 10 Maln Terminal 1. 
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TXAS INSTRUMENTS RESLEVES THE SIGHT TO MARC CHANCES AT au 
SW OROLE 10 (PROVE OLSIGN AND TO SUPPLY THE OCS PeOOUCT ACS 


SERIES TIC236, TIC246 
SILICON BIDIRECTIONAL TRIODE THYRISTORS 


TRIACS 
12 Aand 16 A AMS e 200V and 400 V 


description 


These devices are bidirectional wiode thyristors (triacs) which may be triggered from the off-state by either polarity of 
gate signal with Main Terminal 2 at either polarity. This triac is available in the isolated tab package as a special device. 
For information contact a TI field sales office or Power Product Marketing, MS 51, P.O. Box 5012, Dallas, Texas 
75222. 


mechanical data 


MAIN TERMINAL 2 IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


ALL Oo OWE A8E my cmt . 


SERIES | SERIES 
TICZ36 


NOTES: 1. Those values apply bidirectionally for any value of reslatance between the gate and Mala Terminal 1. 
2, This values appiles for 30-Hr to G0 He full-sine wave operation with resistive loed, Above 70°C derate linearty 10 110°C case 
lemperature ot the rate of 300 MAS C for Series TIC2I0 and 400 MA/*C for Series TIC246, 
3. This value epplles for one 60 Hz full rine wave whan the device Is operating at (or below) rated values of Desk reverse voltage end 
ON state current. Surge may be repeated efter the device has returned 10 original thermal equilibrium. 


TAN voltege 


blues are with respect to Main T 
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SERIES TIC236, TIC246 
SILICON BIDIRECTIONAL TRIODE THYRISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) t 


PARAMETER TEST CONDITIONS 


Repetitive Peak 


t 
DRM OffState Current 


Vor © Rated Vorm. Ig 0 To* 110 


Vays 12V0 | AL- 102, tpg) > 20u5 
Peak Gate Veupply * 712 V'. AL 210k. — tpigy > 208 
Trigger Current Veupply ~~ '2 VF. RL" 108. thIg) 2 20us 
Vespotys -'2VF, AL * 10, tig) > 20u5 
Veupply "712 V", Rr =102. o(g) 2 20us 
Peak Gate Vsippt we12vi, AL * 100. toto) 2 20us 
TM stesgger Voltage - RAL 108.  totg) 2 20us 
Veupply = 12 V0. RL? 108. — tpigh > 20m 
TIM 1A, TG = 100 mA, See Note 4 


'GTm 


Yo 


VTi Peak OnState Voitage 


tH Holding Current 


tL Latching Current 


TAL voltnge valuen are with feipect to Main Terminal 9, 
NOTES: 4. This parameter must be measured ung pulse techniques. ty, < I ms, duty cycle S 2%. Voltage sensing contacts, seperate trom 
the current carrying comtacts, ore loceted within 0.125 inch from ths device body. 


5. The triacs are treagered by # 15-V [open cifcuit amplitude) pulse supplied by @ generator with the following cheracterrstics 
Ag WON. t+ 20n8.t 6 1S n8, 7 S 1S ns ts TkHe. 


thermal characteristics 


PARAMETER 


Rese Junction-10-Cate Thermal Rezisucce 


Resa Junction-1o-Free-Air Thermal Resistance 
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TEXAS INSTRUMENTS MESEAYCS THE RIGHT TO MARE QUIRGI) aT dat :® 
IM ORDER TO IMPROVE OLVIGN AND TO SUPPLT THE BIST PROGIKT POSS 


SERIES TIC253, TIC263 
SILICON BIDIRECTIONAL TRIODE THYRISTORS 


TRIACS 
20 A and 25 ARMS ¢ 200 V, 400 V, 500 V, and 600 V 


description 


These devices are bidirectional triode thyristors {triacs) which may be triggered from the off-state by either polarity of 
gate signal with Main Terminal 2 at either polarity. This wriac Is available in the isolated tab package as a special device. 
For information contact a TI field sales office or Power Product Marketing, MS 51, P.O. Box 5012, Dallas, Texas 


75222 
mechanical data 


MAIN TEAMINAL 2 IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


Repetitive Peak Off-State Voltage. Vom (See Note t) 


+ These values apply bidirectionally for any value of resistence between the 
This value applies for $0-Hr 10 60 Hz full-sine-wave operation with resi load. Above 70°C derete linearly 10 110°C case 
Temperature ot the raise of S00 mMA/“C far Serves TIC25I end 625 mAs"C for Series TIC263. 

This value applies far one GOH full sine wave when the device is operating at (or below) rated values of peak reverse voltage and 

OM slate currant, Surge may be repeated after the device has returned 10 original thermal equilibrium, 


nd Main Terminal 1. 


TAIL voltegs values ore with respect 10 Main Terminal 1. 
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SERIES TIC253, TIC263 
SILICON BIDIRECTIONAL TRIODE THYRISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) t 


PARAMETER TEST CONDITIONS 


; Repertve Peak vi Rated V 1 0 T, 110°C 
- ‘ - * 
ORM Off-State Current ORM oe 7 


Vaopysst?vt, AL = 10S. Wig 2 200 L_50| 
Peak Gate Vaupoly * *12 VT, RL°1ON. — oign > 20e8 
Trigger Current Veuoply "12". AL- 108. (pig) > 208 


‘Gtr 


Vuupply = ~12 Vi. ALSIOR, — tyig) 2 20u8 
Vapoly "12 RL° 108. thigh = 20us 
Peak Gate Vwpoty S12. RE "ION. tofg) > 20 us 
Trigger Voltage Veuop'y 7-1". AL #102. tig) 2 20us 
Veupply * —12¥". Ry 2 1032. {pigs 2 20 us 
IT tebe A Ig = 100 mA, Seo Note 4 


Vv Peak t Vol 
TM Peak OnState Voltage Fo 1G * 100 mA, See Note 4 


iy Holding Current 


VoTM 


Vipoy 12%, 1g? 0. 

Vuepply 12, See Note S 
1, Latehing Current poly 

Vepaty * 12", See Note 5 


TAI voltege values are with repect 10 Main Terminal 1 


NOTES: 4. This perpmeter Oust De mee 
the current carrying cant 


red uting pulse techniques t., S lems, duty cycle S 2% Voltage sensing contacts, separate trom 

@ loseted w.2hin O 125 inch trom the device Dody 

5S. The trace ere triggered By 8 15 V iopencicust amplitude) pulse supplied by # generator with the following cheractorietice 
Ag? 1009, t+ 20-5 S 1508. SIS arte vkHe 


thermal characteristics 


SERIES 
PARAMETER TIC253 


Roja Juncion-to-Free Air Thermal Reistance 


gsc Juncuanto Gave Thermal Revatance [182 
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TEXAS WASTRUMUNTS REATRV(S THE MIGHT TO MAKE CHANC(S AT AUT Cet 
1H ORO{A 10 IMPROVE DESIGM AND TO SUPPLT THE BCST PROGUKT PODER: 


TYPES TIP29, TIP29A, TIP29B, TIP29C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP30, TIP30A, TIP30B, TIP30C 


e@ 30 W at 25°C Case Temperature 
© 1A Rated Collector Current 
© Min f+ of 3 MHz at 10 V, 200 mA 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


ms opateom ce Ltace ion 


190 48 Canons 


MURR DAT APE cant 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TipP23. «-TIP29A «=TIPZ9B TIP29C 


Collector-Baso Voltage 2 6. we ee 40V 60V B0V 100 V 
Collector-Emitter Voltage (See Note Wp 2. ww ee 40V 60V B0V 100 V 
Emitter-Base Voltage Be le Saw, Srl S Bacle ke vee ern Mer le hrs <.——_ 5 VV ——____~_ 
Continuous Collector Current 2 1 we ee <.—_——_ 1A ———_ 
Peak Collector Current (SeeNote2) . 2... 6 1 ee ee te .——— 3A ——__» 
Continuous Base Current. ww wk ee <.————- 0.4 A ——_—__—___»> 
Sale Operating Region at (or balow) 25°C Case Temperature - - ~~ - <?———__ See Figure 5 ———_ 
Continuous Device Dissipation at (or below) 25°C Case 

Temperature (SeeNote3) . 1. 6 6 ee ee ee ee <<. — 30 w ——_—___» 
Continuous Device Dissipation at (or below) 25°C Free-Air 

Temperature (SeeNote4) 2 2 ee <.-  ——2wW -——__—_—__ 
Unclamped Inductive Load Energy (See Note5) .....-.- +e - > <<. ——_- 32 m) —_____\» 
Operating Collector Junction Temperature Range. 2 we ee ee ee <4 -65°C to 150°C ———» 
Storage Temperature Range 2 2 ee <4——_ -65°C to 150°C ———_» 
Lead Temperature 1/8 Inch from Case for 1\0Seconds .. 2. 2... +: <a — 260°C ——_——__ 

NOTES: 1. Thit value applios when tho bass-emitter diode Is opan circuited. 


1 
2. This valuo opplios for ty, S 0.3 me, duty cycla S 10%. 

3. Oorate linearly 10 180°C care temperat rate of 0.24 W/C. 
4 

6 


. Dorate linearly to 160°C free-air tamperature at the rate of 16 MW/C. 
. This rating Is based on the eapabiilty of tha transistor to operate sstely In the circult of Figure 2. L © 20 mH, Agg? * 100 N. 
Vna2 ~ 0 V. As = 0.1 2, Vege = 10 V. Energy © Ie7Ls2. 


a SS 
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TYPES TIP29, TIP29A, TIP29B, TIP29C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


SLE Noseacebrag 


Collector-E mstter I¢= JO mA, Ig = 0, 


v 
(BRICEO Breaadown Voltage See Note 6 


Collector Cutott Vce + 30 V. ig20 
Current Vee * 60V. 1g 70 
Vee ° 40, 


Collector Cutoll 
Current 


Vee = 100V, 


Emitter Curott 
Vea SV. Ic20 


Current 
Vee csv, Ig *O2A, 
See Notes 6 and 7 
Vee *4v, Ion 1A, 
See Notes 6 and 7 

Base Emitter Vce-4v, 
Voltage See Notes 6 and 7 
ConectorEmater | ig © 125mA, 
See Notes 6 and 7 


State Forward 
hee Current Transter 
Rato 


Saturation Voltage 
Smali-S.gasi 
Common-Emitter 


Vee = 10 Vv, Ie" O.2A, 
Forward Current f= tHe 


Transler Rata 


Smsti-Signat 
CommorE mitter 


Vee = 10V, 16 0.2A, 
fet Mur 


Forward Current 
Transfer Aas 


NOTES: 6. These parameters must be measured uting pults techniques. ty, = 300 ys, duty cycle < 2%, 


7. There parameters are measured w:th voltage sensing Contacts seperate from the current-carrying contects. 


thermal characteristics 


PARAMETER 
Fesc  Junction-t0-Case Thermal Resistance 


Fgsa  danctrionto-Free-Air Therma! Resistance 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS 


lon Ture-On Time igs 1A, lati) = 100 mA, Ig(2) = -100 mA, 


Voe (ot =~43V, AL=300, See Fura 


TVoliage and current values shown are nomingl, exact valves vary sightly wilh trensstor peremeters. 
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TEXAS INSTRUMENTS 


TYPES TIP29, TIP29A, TIP29B, TIP29C 


N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


Nae NT 


TEST CIRCUIT 


“NOTES A, Voen is @ -30-V pulse (from 0 V) Into 8 $0-29 termination. 
0. The Ven waveform ts supplied by s generator with the fallowing characteriatics: ty < 15 ns, ty S15 99, Zour? 501, tw 20 ws, 


duty cycle © 2%. 


OuTPUT 


VOLTAGE WAVEFORMS 


C Waveforms ere monitored on en oscitioscope with the following characteristics: tp © 18 m9, Ain 2 10MM, Cin S 11.5 DF. 


O. Resstors must be noninductive types. 


L. Tho d ¢ powar supplies may require additional bypassing In order to minimize ringing. 


FIGURE 1 


INDUCTIVE LOAD SWITCHING 


(9) +c worst08 


wears toy = 


TEST CIRCUIT 


_ jou ta tem 


) See Nore Bi 
0 
INPUT | | | | 
vOLT4GE 
Sv 


COLLECTOR 
CURRENT 
Q 


VieRICER — —|— = = = 


COLLECTOR 


t 

' 
VOLTAGE | 
' 
1 


1ov 


VOLTAGE AND CURRENT WAVEFORMS 


NOTES. A. L1 and LZ are 10 mH, 0.11 1, Chicago Stenderd Trenstarmer Corporetion C-2688, or equivalent. 


B. Input pulee width le Incressed until lon © 1.8 A. 


FIGURE 2 
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TYPES TIP29, TIP29A, TIP29B, TIP29C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS THERMAL INFORMATION 
STATIC FORWARD CURRENT TRANSFER RATIO 


vt 
COLLECTOR CURRENT 


DISSIPATION DERATING CURVE 


40 


———— Sanaa a 
tJ 


ra 

ca | 

a Tt Th = 25°C [] 
400 c ‘wz 
1 i tl See Notes 6 and 77° 


hee Stave Forward Current Transfer Ratio 


Py -Maximum Continuous Device Orssipation -W 
3 


0.001 0.004 0.01 0.03 01 0.4 


o 25 5075 100 -125—~—~—«8O 
Ie—Coltector Curren:~A Tc-Case Tempereture~"C 
FIGURE 3 FIGURE 4 


NOTES: 6. These parameters must De measued ting Cults 
tesnmques. ty * 309 -s, duty cycle © 2% 

7. These osrameters ere meatured with volteze- 

senting contacts separate trom tne current: 
carrying contacts. 


MAXIMUM SAFE OPERATING REGION 


twe ims.d=0.1¢ 10% 
ty" 10ms,d= 0.1 ~ 10% 
OC OPERATION 


I¢—Collector Current—A 


Vee —Collector-Emitter Voliage—V 


FIGURE 6 
NOTE &: This combination of maximum vottage and current may be achieved only when switching from saturation to cutol! with s clemped 
Inductive load. 
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TEXAS INSTRUMENTS AESTRVES THE RIGHT TO MANC (HANGIN AT 
(W ORDER TO IMPROVE DISIGH AWD TO SUPPLY INE BLST PROCAXT 


TYPES TIP30, TIP30A, TIP30B, TIP30C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH T!P29, TIP29A, TIP29B, TIP29C 


@ 30W at 25°C Case Temperature 
@ 1A Rated Collector Current 
e Min ft of 3 MHz at 10 V, 200 mA 


mechanical data 


THE COLLECTOR JS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


A0¢ MERON 284 om mets 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP30 =TIP30A TIP30B TIP30C 


Collector Buse Voltage... . Co ee eee ee ee 6 AOV -60V00«- -B80V -100V 
Collector-Emitter Voltage (See Note n Jar tnatet Sere, oe 2. ee ~40V ~60V -80V -100V 
Emitter Base Voltage 1 a Ny Setiay aang a wah aid wash Ay for Bk 8 '—— (5 
Continuous Coliector Current 6 ww .. es TA 
Peak Collector Current (See Note 2)... 2... ee et 2 GE — -7 A 
Continuous Base Current 2 2 1 ee oe i -0.4 A -————__ 
Safe Operating Region at (or below) 25°C Case Temperature oe doh 2 2 . <—— See Figure 5 ——_—_—__»> 
Continuous Device Dissipation at (or below) 25°C Case 

Temperature (See Note3) ... . oe & Gye. @ << — 30W ——_—_—___» 
Continuous Device Dissipation at (or below) 25° c Free: aie 

Temperature (SeeNote 4) . . . . 1S ee boo oko <_— 2wW —— 


Unclamped Inductive Load Energy (See Note 5) Paar ag ee fe 6 S$ d'72 mS ——_ > 
<a—— -65°C to 150°C ——» 


Operating Collector Junction Temperature Range .... . : # 
Storage Temperature Range . 2 2 1. ee es 2. oe -65 Cto 150°C ——m 
° 
Lead Temperature 1/8 Inch trom Casa ‘for 10 Seconds hohe Jeeta pea Lo. Se 260°C ——_ > 
NOTES This vatua appties when the base-emitter diode is open-citcvited. 


This volue applies for ty % 0.3 ms, duty cycle < 10%. 
Dorata tineariy to 150°C case temperature at tne rate of 0 24 WC. 
Doroto linearly to 190°C free air temperature al the rate of 16 mwW/*C. 
» Tis cating if based On the Capability of the transstar 10 operate safety in the circuit of Figuee 2. L © 20 mH, Rage = 100 1, 
Von2° OV, Ag = 012, Veg ~ 10 V. Energy § Ie 242. 


eaoNnea 


a nr 
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TYPES TIP30, TIP3OA, TIP30B, TIP30C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


PARAMETER TEST CONOITIONS 


Collector-Emitier 1e*-30mA, gO, 

Breakdown Voltage See Note 6 

Coltector Cutolt Vce * ~30V. Ig-O 

Current Vee--60V. gO 
Vce*-40V. Vee -0 


ViBRICEO 


Collector Cutolt 
Current 


Vce--100V. Ver -0 


Emutter Cuto!t 


Veg*-5V. te-0 


Current 


| Voe*-4Vv. ig=-02A, | 


See Noves 6 and 7 
Voge av ies tA 
| See Noves 6 and 7 
Base-Emitter Vee *-4Vv. Ios -tA, 
Vottoge See Notes 6 and 7 

Collector Emitter Wg = -125 mA, te 
Sat-ravor Vo'taze See Notes 6 and 7 

Small Signal if 
Common-Emitter Voce * -10V. le=-Q2A, 
Forward Current fe vkHe 

Transfer Rao 


Static Forward 
Current Tranter 


Rono 


Smali-S.gnal 
Common-E miter Vee *-10V, 
Forward Current fey 

Transfer Ratio 


—l 


NOTES: @ These parameters must be meatered using pulse techniques ty, = 300 ws, duty cycle S 2%. 
7. Theve parameters are meaured with voltage rensing contocts separate trom the current-carrying contacts. 


thermal characteristics 


RAgjc  Junction-10-Case Thermal Resistance 
Rejya  Juncnon-to-Free-Ar Thermal Res stance 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS? 


ton Turn-On Time low -1A, Ip(1) © -100 mA, Ig(2) = 100 mA, 


tol Turn-Olf Time VBEIoN) °4.3V. Ar * 30N, See Figure 1 


"Voltage and current values shown are nominal: exact values very sligntly with transistor parameters. 
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“SOTES 


ser 


NOTES 


TYPES TIP30, TIP3OA, TIP30B, TIP30C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


wNOTa 


angie 


av. 
er ce ae aes 
wer ; 
on Von - OSV ny hos) 
1 


iJ 
Negitaiv= = 
curt 
seco De 10. 


Vop1e 1OV 
ADIUsY FOR 
Von* @Svar 
Wout MONITOR 


TEST CIRCUIT VOLTAGE WAVEFORMS 


A Veen 8.430 V Dulse (from 0 V) into 8 50.1 termination. 

DB The Voorn wavetorm is supplied by a generator with the following charecteratics: ty < US ne, te S 1S 4, Zoye * $01. ty © 20 ma, 
Outy cycle S 2%. 
Wavelorms are monitored on an oxcillowcope with the following characterstcs. ty S18 98, A, 2 10MM, Cin SINS OF. 

» Rosstors must ba noninductive types. 
Tha dc Dower supplies may require additional bypassing in order ta minimize ringing 


ron 


FIGURE 1 


INOUCTIVE LOAD SWITCHING 


{ 
Sve 
PT 
vouTace 
o 


‘© 


Maer: 10011 


tewonton 


10: 


coutctoa 
vO. Tacs 


veamicea— 


TEST CIRCUIT VOLTAGE AND CURRENT WAVEFORMS 


A U1 and U2 ere 10 mH, 0.11 A, Chleago Stendard Transformer Corporation C-2688, or equiveient 
8. Input pulse width Is incressad unill feng = —1.8 4. 


FIGURE 2 
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TYPES TIP30, TIP30A, TIP30B, TIP30C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS THERMAL INFORMATION 


STATIC FORWARD CURRENT TAANSFER RATIO 
vs 


OISSIPATION DE RATING CURVE 
COLLECTOR CURRENT 


hee —Static Forward Current Transter Rano 
Py - Mawmum Continuous Device Dissipation - W 


-0001 -0004 .001 -0O04 -01 -04 1 


Ig-Covtestor Corrent-A Te--Case Temperature -°C 


FIGURE 3 FIGURE 4 
NOTES 6 These parameters ™W1t De meatures LENg DUE 
Yocmmiaues ty = 300 ns, duty cycie © 2%, 
7, These perametes ave Mesures woth voltage 
farting contacts separate from ine current 
carrying contacts 


MAXIMUM SAFE OPERATING REGION 


< -07? 

4 ty Tims, d= 01* 10% 
£ -04 

£ ty? 10ms.d*0.1- 10% 
3 0.C OPERATION 

3 02 T 

3 

£ 

8 -O1 

1 -007 

2 


-1 ~10 -20 -40 
Vce—Collector-E miter Voliage-V 


FIGURE 5 


NOTE 8: This combination of maximum voliegje ond current may be achieved only vehon sesitching trom saturation to culolf with a clamped 
inductive load 


2-176 Texas INSTRUMENTS mapas bol aioe ba tem guitare 


way ther they are free from patent selrogemest 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAN( (HARGIS AT 
(4 QROCE TO IMPROVE DESIGN AWD TO SUPPLY THE B(1f PROQUC! 


TYPES TIP31, TIP3IA, TIP31B, TIP31C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SW!TCHING APPLICATIONS 
OESIGNED FOR COMPLEMENTARY USE WITH TIP32, TIP32A, TIP32B, TIP32C 
e 40 W at 25°C Case Temperature 

e 3A Rated Collector Current 
e Min ft of 3 MHz at 10 V,500 mA 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


ECmAN ag RTE MUARCE ABILITY OF 18 TT 
Pas Pace AcE mate 10M ONT eet 
Yeh Oe tom OF LE, 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP31 «= TIP31A TIP31B TIP31C 


Collector-Base Voltags . . se TE, toga ay SK Hera, FP Dane 40V 60V BOV 100 V 
Collector-Emitter Voltage (See Note y & Bebe tisite ap oe as 2. 40V 60V 80V 100 V 
Emitter-Base Voltage ww <?.-\——_ 5 V ——_ 
Continuous Collector Current 2 6. we a — 3A —-——___> 
Peak Collector Current (SeeNote 2) 2... 0. ee «————_-_ 5A ——_-—_-—-—_»> 
Continuous Base Current 2 2 we <<. ———__1A ————_ > 
Safe Operating Region at (or below! 25°C Case Temperature. . . . . . - <.?———_ See Figure 5 -———_»> 
Continuous Device Dissipation at (or below) 25°C Casa 

Temperature (See Note3) 2. 6 we <<. —— 40 W—___~——_» 
Continuous Device Dissipation at (or below) 25°C Free-Air 


Temperature (See Note 4) . 2. 2 1 ee ee ee 
Unclamped Inductive Load Energy (See Note 5) ies oe As a a wie <a  —— 32m) ————_® 
<—— -65°C to 150°C ——> 


Operating Collector Junction Temperature Range... 2. - ewe % a 

Storage Temperature Range . . 2 2. 2 ee <4—_ -65°C to 150°C ——_»> 
° 

Lead Temperature 1/8 Inch from Case for 10Seconds 2... <.———- 20°C ——_—__» 


NOTES: 1. This vaive opplion when the base-emitter dlode is open circulted. 
2. This value opplics for ty, < 0.3 ms, duty cycle < 10%. 

3. Derate linoerly 10 160°C cose temperature at the rate of O.32W/C. 

4, Dorate tinoarly to 180°C free-air temperature al the rate of 16 mW/C, 
6. This cating {s bacad on the capability of the 


Vea2 "OV, Ag = 0.11, Veg = 10 V. Enerey 


tor 10 operate tafely In the circuit of Figure 2. L = 20 mH, Aggz ~ 100N, 


tg2Ls2. 


er EES 


Texas INSTRUMENTS 2-177 


TYPES TIP31, TIP31A, TIP3IB, TIP3IC 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


electrical characteristics at 25°C casa temperature 


TIP31A | so T1P31B |] TIP3IC 
PAOMEIEE Tee Onn eNe ee ee Coa aed 
y Collector-Emitter 1¢ = 30mA, Ig * 0. 
(BRICEO Breakdown Voltage See Note 6 


; Colicior Guo’ [Veg =30V, gro osf eat +|—_+ 
CEO curser Ver=@V,tgeo | + Sid S| 


Collector Cutof! 
Current 


'cES 


\ Emitter Cutott Ven SV ineo 
EBo Current £8 : c 
{ Vcee4v, Iles 1A, 
> | he Current Transfer i 


Veer 4v, We=3A, 
See Notes 6 and 7 
T VcE sav, 
Valiege 1 See Notes 6 and? 

Cotlector-E mitter tg -375mA, Ier3A, 
Saturation Voltage See Notes 6 and 7 
Smail-Signal 
Common E m.tter 
Forward Current 
Transfer Rotio 
Smali-Signal 
Common-€ miner Vee OV, 
Forward Current f= 1MHa 
Teronster Ratio 


Ratio 


Base Emitter 


1e=3A, 


Vee = 10v, I= 0.54, 


hte te tkha 


Pel 


NOTES: 6. These parameter most be measured using pulse techniques. ty 7 300 pe, duty cycle < 2%. 
7, Thane parameten ere memured with voltege sensing contacts separate from the current-carrying contects, 


thermal characteristics 


PARAMETER 
Rejc Junction.10-Case Thermal Resstance 


Resa Juncuonto-Free-Air Theemal Res:siance 


switching characteristics at 25°C case temperature 
TEST CONDITIONS? 


loft Turn-Olt Time Veetot)*—4.3V, RL =30N, Seo Figure ? 


"Voltage and current values shown are nominal, sxect vatues vary slightly with tra 
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TYPES TIP31, TIP31A, TIP31B, TIP3IC 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


wpe wate 


OuTPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 


“SOTES A Voen 30 V pulse (fram 0 V) into a BON termination. 
DB. The Voern wavelorm is supplied by # generator with the following characteralics: ty © 15 os, 1p © 15 e8, Zou, > 50 Q, tw 2 20 we 
duty cyclo < 2% 
C Viavotorms are monitored Of an oscilloscope with the following characteristics: t, © 15 m8, Ay, > 10M0,C,, < 115 OF. 
O. Nasstors must Bs noninductive types. 
C The dc power supplies may require additional bypsming in ordar to minimize ringing. 


FIGURE 1 
INDUCTIVE LOAD SWITCHING 


—4 pu iasem 


(Sew Note Br 


t6OuT 
vO. TaAce 
“tVv- 


q t 
-—— 100m ——+ 
! 1 
taa-d— 
COLLECTOR 
CURRENT 
° 


G) 


Meuron 
ViBAICER 


COLLECTOR 
VOuTAGE 


Yenss toy = 


10 


o- 


TEST CIACUIT VOLTAGE AND CURRENT WAVEFORMS 


NOTES: A. L1 end L2 are 10 mH, 0,11 M, Chicago Blanderd Transformer Corporation C-2688, or equivalent. 
B. Input pulbe width In inceeased untit Icy © 1.8 A. 


FIGURE 2 


TEXAS INSTRUMENTS 2-179 


TYPES TIP31, TIP31A, TIP31B, TIP3IC 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS THERMAL INFORMATION 


STATIC FORWARD CURRENT TRANSFER RATIO 


ve 
COLLECTOR CURRENT DISSIPATION DERATING CURVE 


he g ~Static Forward Cutrent Transfer Rata 


Py —Moximum Continuous Device Or 


0.001 0004001 004 01 O43 4 10 °o 25 so 78 100 125 150 
I¢-Collector Current-A Tc-Case Temporature-"C 
FIGURE 3 FIGURE 4 


NOTES: 6. These parameters Mitt De Measured wing pulse 
Vechmaques. ty = JOO us, duty cycle < 2%. 
7 Thess paraneters ave msatured wiih voltage 
tansing contacts seperate from tne current: 
carrying contacts 


had 
2}-—-—- 
Lilt 
So |ty = 200480 = 0.1» 10% 
E07 |r tmsd-0.1 = 10% ER 
= os Be orenation SE 
6 DC OPERATION 
. ut I 
g 02 Tex 2.c~ 
2 
fa) o1 
4007 
004 
0.02 
0.01 


1 2 4a 710 20 40 70100 200 400 
Vee —Collector-E miter Voltage-V 
FIGURE 5 


NOTE @: This combination of maaimum voltage and current may be achieved only when switching from saturation to culoll with a clamped 
Inductive load, 


2-180 TEXAS INSTRUMENTS 


TEXAS INSURUMENTS RISCAVES THE RIGHT TO MAEC (amcty AT ae 
IM ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BIST PROC P 


TYPES TIP32, TIP32A, TIP32B, TIP32C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP31, TIP31A, TIP31B, TIP31C 
© 40 W at 25°C Case Temperature 

e 3A Rated Collector Current 
© Min fF of 3 MHz at 10V,500 mA 


mechanical data 


THE COLLECTOR IS IN ELECTAICAL CONTACT WITH THE MOUNTING TAB 


AC ram ag TURAL ABLITY OF tO rem 
PR ASTEC CAC RACE BT 10.48 Ont) ont -m— 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP32 «= TIP32A_ «= TIP32B) «-TIP32C 


Collector-Base Voltage 5 ww —“0V -60V -80V -100V 
Coltector-Emitter Voltage (See Note!) . 2. ..-.--+000 0 | —“40V -60V -80V -100V 
Emitter-Base Voltage 6 ww ee <a—__—_— -5 V ———___» 
Continuous Collector Current 2 6 ww ee .—_m\ i — -3A —————_ 
Peak Collector Current (SeeNote2) . 2... 0-0-0000 00 e <a — -5A —— 
Continuous Base Current 2 ww <<. —  -1A ————_ 
Sate Operating Region at {or below) 25°C Case Temperature... . . <a See Figure 5 ——_—_-_m» 
Continuous Device Dissipation at (or below) 25°C Case 

Temperatura (SeeNote3) 2 2 6 ee te <——_—_—- 40 Ww ——_____» 
Continuous Device Dissipation at {or below) 25°C Free-Air 

Temperature (SeeNote4) 2. 1. 2. ee <<. —_ 2Ww —————_ 
Unclamped Inductive Load Energy (SeeNote5) ........--. <<. —_—_—_ 32 mS ——_—_——__ > 
Operating Collector Junction Temperature Range ..... 2... - <——— - 65°C to 150°C ——_—_» 
Storage Temperature Range 2 ew ee «<q—_ -65°C to 150°C ——__» 
Lead Temperature t/8 Inch from Case for 10Seconds . . . 2... - << 260°C ——__» 

NOTES: 1. This velue applies when the base-emitier diode ls open-circulted. 


1 
2. This value eppiies for , < 0.3 ma, duty cycle < 10%. 
3, Oerate linearly to 150°C case temperature at the rete of 0.32 WC. 

4, Derate linearly ta 150°C free-air temparsture at the rate of 16 mw/C, 

6. The rating 8 besed on the capablilty of the trensator to oparete safely In the circuit of Pigure 2. L = 20 mH, Agag = t00 11, 


Von2 = 0 V, As = 0.1, Veg = 10 V. Energy © I¢7/2. 


TEXAS INSTRUMENTS 2-181 


TYPES TIP32, TIP32A, TIP32B, TIP32C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


electrical characteristics at 25° 


C case temperature 


[__tip32z_ | TiP32A Tipsze_ | TiP32¢_ 
ia scl TESTCONDITIONS [wy max ain max [Min max| MIN MAX] 
Coltector-Emitter Ie+ -3OmA, tg-o. 
Vv -40 -60 —80 
(BRICEO Breakdown Vottage See Nowe 6 
; Collector Cutott Vee=-30¥. Igo -0.3 -0.3 ; 
ceo Current Vce = -60V. Ip-0 =0.3 
Vce>—s0V. Vpe-0 -02 
1 Collector Cutoff Voge -60V. Vee =O | -0.2 Paes 2 
Vee *=100V.Vae=6 ee Ee 
i Emitter Cutolt 7 5V i 0 1 ‘ ‘ wake 
E80 Curtent eB 7 c H 
"Voge -4V, ie=-1A, f 
Static Forward : 25 25 2s 
EE | See Nozet 6 ond 7 
Current Transfer _ rks , yy 
Ratio | “ce : 7 : 10 «80 | 10 so} 10 so] 10 50 
| See Notes 6 and 7 
Bane-Em:tter Voce = -4V. Ig * -3A, 
Vee raed ce e -18 -18 -18 -18 
Voltage See Notes 6 and 7 
Collector-E Wg--375mA, Ice JA, 
VCE tat) piece) 7 es £ “12 -12 “12 
Sotcration Voltage Sec Notes 6 and 7 
Smat-$.igra' | 
Commor.Emitter 1 Veg =-10V, Ie = -O.5A, 
hte a ce 7 20 20 20 
Forward Current fe TkHz 
Transfer Actio 
Small-Signa! 
h { Common-Emitier Vee * -10V, I¢* -O.5A, 
1 Forward Current f= 0 Mey 


Transter Rano 


NOTES. 6. These parameters must De meatured uting pulte lechniquas, ty, + 00 ps, duty cycle G 2a. 


?, Thee parame’ 


thermal characteristics 


PARAMETER 


Fesc 


Fasa 


duncion-10-Case Thermal Retintance 
Juncion-toFree-Air Thermal Retstance 


switching characteristics at 25°C case temperature 


PARAMETER 


Turn-Oo Time 
Turn-Olf Time 


ton 


‘oft 


sare meeiured with voitage sensing contacts separate from the current catrying contacts. 


Ie*-1A, 
Veetott) 4.3 V 


TEST CONOITIONS! 


191) 7-100 mA, 1g(2) > 100 mA, 


AL =30n. 


"Voltages and current values snown are nominal, exact values vary slightly with tramustor parameters. 
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TEXAS INSTRUMENTS 


See Figure ¥ 


TYPES TIP32, TIP32A, TIP32B, TIP32C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


oveur 
wcuro@ 


40%; 1A 
Ov--Aem ~~ -- os -= 
: wt 
Sarak vent Sve mt mn 
' 


IN9)a NDIA NT HA 


‘eo bee b-to8 of 


Vani: 10¥ 
AD.UST FOR 
Vout OSVAT 
(NPUT MONITOR 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. Vog,, Is @ J0-V pulse (from 0 V) Into a 60-2 termination. 
B. The Vgen wevelorm Is supplied by « ganeretor with the following cheracteristics: ty < 18 ns, ty 6 15 ns, Zo, = 90 Oty 2 20 ws. 


duty cycle S 2%. 
. Wavetorms are monitored on en oscilloscope with the following characteristics: t, < 18 m8, A, 2 10MM, Cy, S 11.5 DF, 


» Restetore must be noninductive types, 
» The dc power supplies may require additional bypassing In order to minimize ringing, 


FIGURE 1 
INDUCTIVE LOAD SWITCHING 
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TEST CIRCUIT VOLTAGE AND CURRENT WAVEFORMS 


NOTES. A. Lt and (2 ae 10 mH, 0,11 11, Chicago Standard Transformer Corporation C-2668, or equivalent. 


B. Input pulse width fs Increased until ten = — 1.8 A. 
IGURE 2 


Texas INSTRUMENTS 2-183 


TYPES TIP32, TIP32A, TIP32B, TIP32C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS THERMAL !NFORMATION 


STATIC FORWARD CURRENT TRANSFER RATIO 
vt 


COLLECTOA CURRENT 


DISSIPATION DERATING CURVE 


400 | See Notes 6 and 7 “iT 


bp E—Static Forward Current Transfer Ratio 


P7--Maxanum Continuous Device Dissipation - W 


Sc -Coltector Current A Te Case Temperature-"C 


FIGURE 3 FIGURE 4 

'OTES: 6. Trese parameters must be Memured Ut.n pulte 
lechnques. ty + 300 ws, duty cycle S 2%s. 

7, These parameters are memured with voltage 

senung contacts separate from the current- 

carrying contacts. 


MAXIMUM SAFE OPERATING REGION 


le lad SOA e108 

= ty 10s, d 0.1 = 10% 

3 D.C OPE NS 

§ : ane 

z 

x] 

° 

2 

-t -2 -4 -~7-10 -20 -40 ~100 - 400 
Vee —Collector-E matter Vottage-V 
FIGURE 6& 
NOTE 8: This combination of maximum voltage end current may be achleved oniy vehen switching from saturation to cutoff with e clamped 
ad. 
TL deanos ess np sespene bility tor ony 
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TEAS INSTRUMENTS RESERVES THE RIGHT TO MAEQ CHANGES AT ANT 
1H ONDIE TO IMPROVE OLSIGN AND 10 SUPPLY THE OLS PRODUCT FC 


TYPES TIP33, TIP33A, TIP33B, TIP33C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP34, TIP34A, TIP34B, TIP34C 


© 80 Wat 25°C Case Temperature 

© 10A Rated Collector Current 

e Min fT of 3 MHz at 10V,500 mA 
mechanical data 


THE COLLECTOA IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


AUC Orwt ton And mE 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP33) «-TIPA3A =TIP33B «TIP33C 


Collector-Buse Voltage . ty ere a Ae tes Hota 6 ose 40V 60V B80 Vv 100 V 
Collector-Emitter Voltage (See Note 1) Se abe cba pies Sas tao eld rhs 40V 60 V 80 V 100 V 
Emitter-Base Voltage Bia, Mx 42 ae Yee! Katies ae Be Coe Ci. ee 5 
Continuous Collector Current Sa bh wee) 10 A 
Peak Collector Current (See Note 2)... .-.-.- 2... ee 2.0. <-- 15 A 
Continuous Buse Current 2 2 2 2 ee .. +—— 3A ——P 
Safe Operating Region at (or below) 25° ¢ Case Temperoture soe es tb ———— See Figure 5 ———_—_ 
Continuous Device Dissipation at (or below) 25°C Case 

Temperature (See Note3) . 2... 2 eee ee fo. a BON 
Continuous Device Dissipation at (or below) 25° c Free-Air 

Temperature (SeeNote 4) ... . ee ae Le Oe SW 
Unclamped Inductive Load Energy (See Note 5) flan ae Se Ge ete oe QE 62.5 ms) —————_ 1 
Operating Cotlector Junction Temperature Range... .. . Ce) Oe «65°C to 150°C ——__m» 
Storage Temperature Range 2 2... et te. Ge 65°C to 150°C ——_> 
Lead Temperature 1/8 Inch from Case for 10 Seconds AS, co eee. <+——— 260°C ——_—_—__» 

NOTES: 4. This value opplles whan tha base-emitter diode is open circulted. 


r) 
2. This value applies tor ty < 0.3 ms, duty cycle S 10%. 

3. Dorate tinoarly ta 160°C case temparsture at the rete of 0.64 WC. 

4, Derate tinearly 10 160°C free-air temperature at the rate of 78 MWC. 

5. This rating ty bared on the capabillty of the tranalstor to operate safely In the circult of Figure 2, L © 20 mH, Rag ~ 100 1, 


Voe2~ 0 V, As- 0.11, Voce 10 V. Energy © Ic2L72. 


an EE 


TEXAS INSTRUMENTS 2-185 


TYPES TIP33, TIP33A, TIP33B, TIP33C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature 


Tip33 | TIPa3A Pac 
PARAMETER TEST CONDITIONS uta 
MIN MAK [MIN MAX [MIN MAX 
% Cottector-E mutter 1G ° 20 mA, 1g - 0, ‘a 
'BRICEO  Breskaown Voltage | See Note 6 


Current Voe=60V. pO a es 

Vee 20v,vge 0 Ce a Se aa 

lees Collector Cutott Vces 60V. Vee oO | o4f | | ix 
Curren Vee =69¥. vee =o ae 


Tee 100. vee =o es Te 
Emutier Curots ' 

FE wee oo 

Seo Notes 6 and 7 \ 


Vee sav. les 2a, 
See Notes 6 7d 7 


ii a | ei 
Veer ay. fer 10a. | 
See Nore 6 and 7 { 
igs 039A, IoedA. 
Co iestor Em tte See Notes 6 and 7 
VCE inst) 


Saturation Vo'rage Ip - 25A, Ios 10A. 
See Notes 6 and 7 


Smo! $.j73! 

bie Common-Em iter i Vce © 10V, Ie 05A, 
Forward Current te lene 
Transfer Rano | 


Svra'-Signa' 
Common-Em ner | Yce > 10. ig OSA, 
Forward Current fei MtHy 


Mite! 


Transfer Rotio 


NOTES. 6. These parameters mutt De me aired u97g pulse techniques Tw 7 300 us. dutv cycle © 2N 
7? These p: 


© Memsred win voltaze tensing contacts weparate from the current carrying contacts. 


thermal characteristics 


PARAMETER 
Rajc — Junction-10-Case Thermal Retttance 


Raja tuncton-10-FreeAw Thermal Resistance 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONSt 
ton Turn-On Time Ie *6A, 111) "O6A, Ip(2) = -0.6 4, 
lott Turn Off Tune Vette" -4¥. AL -SA. See Figure 1 


TVollage and current values shown are nomi 


ary slightly with iransistor parameters. 
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TYPES TIP33, TIP33A, TIP33B, TIP33C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


£ 
fg tvens 
NTA IND INDE c ses 
wet i 
Wt ove af - - SSN -- 
4 Sl erlitad 


TEST CIRCUIT VOLTAGE WAVEFORMS 


+30 V pulse (from 0 VI into # $0 M1 termination. 
Th Voen wavetorm ix supplied by a generator with the following characteritics: tp S153 ma, tg S15 -8, Zou, > 50 2, ty > 20 yr, 
uty cycle S 2% 


Weaveforma ara monitored an en oscilloscope with the following charscieristics: ty © 13 na, Rip, > 10 MN, C;, S 11.5 DF. 
n Ors must be naninductve typet. 


L. The d¢ power supplies may require additianal bypassing in order to minimize ringing. 


“NOTLS A oY wa 


gon 


FIGURE 1 


INDUCTIVE LOAD SWITCHING 
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TEST CIACUIT VOLTAGE AND CURRENT WAVEFORMS 


NOTES: A. L1 and 2 are 10 mH, 0.11 1, Chicago Standerd Transformer Corporation C-2688, or equivalent. 
BD. tnput pulse width is Increased unl loa = 2.6 A. 


FIGURE 2 


Texas INSTRUMENTS 2-187 


TYPES TIP33, TIP33A, TIP33B, TIP33C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS THERMAL INFORMATION 
STATIC FORWAAO CURRENT TRANSFER RATIO 


vs 


COLLECTOR CURRENT 


DISSIPATION DERATING CURVE 


400 [See Notes 6 and 7 ——* 


o Ai 
| | rT 
tes —e 


100 


hpg —Static Forward Current Ratio 


Maximum Conunuous Oevice Disppation-W 


PT 


0.01 004 01 O4 1 4 10 


{e-Coltector Currett~A 


Tco-Caw Temperat 
FIGUAE 3 
NOTES 6. These parameters must be meass-ed upg Oulse 
techniques, ty, = 300 ut. duty cycle < 2% 
7. Trews parameters are Measred with votlage 
wrung contacts separate from ihe currant 
carrying contacts 


FIGURE 4 


MAXIMUM SAFE OPERATING REGION 


KEY FOR FIGURE 5 


CONDITIONS 
Ww ° 200 us, = 0.1 = 10% 


Ig—Collector Current-A 


ty Tims, d= 0.1 = 10% 
tw2 10m6,d=0.1* 10% 
D-C OPERATION 


1 2 4 710 20 40 70100 200 400 
Vee —Collector-E mitier Voltege—V 


FIGURE § 


NOTE 6: This combination of maximum voltage and current may be achieved only when switching from saturation to cutoff with » clamped 
Inductive load. 
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TETAS INSTHUMENTS ACSURVES THE RIGHT 10 MARE (WAMGLS AT ANT ‘8 
iW ORDIE 10 IMPROVE DESIGN AND [0 SUPPLY THE BIST PROOUCT POSE 


TYPES TIP34, TIP34A, TIP34B, TIP34C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP33, TIP33A, TIP33B, TIP33C 


© 80 Wat 25°C Case Temperature 
e 10 A Rated Collector Current 
@ Min f7 of 3 MHz at 10 V,500 mA 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP34 =TIP34A =TIP348) TIP34C 
-0V -60V -80V -100V 


Collector-Base Voltage 2 6 1 ww ee 
Collector-Emitter Voltage (SeeNote}) 2. 6 we es -0V -60V -80V -100V 
Emitter-Base Voltage Besa Yaa eB echt serie eM gear ah are ae +. — -5 VV ———_ 
Continuous Collector Current 2 2 2 1 ee <.—-——— -10A ———_—_» 
Peak Collector Current (See Note2) .. 1... . ee ee <-|—_——- -15 A ————_—_> 
Continuous Base Current 2 ww we <-_———_- -3 A ——____» 
Safe Operating Region ot (ar below) 25°C Case Temperature... . . . <———- See Figure 5 ————» 
Continuous Device Dissipation at (or below} 25°C Case 

Temperature (SeaNote3) 2... 1. ee et es <—_—_—___._ 80 w ——___» 


Continuous Device Dissipation at (or below) 25°C Free-Air 


Temperature (SeeNote4) . 2 2 we ee et et 
<<. — 62.5 m}J ——_——__ 


Unclamped Inductive Load Energy (SeeNote5) . . 2... +--+ ss g ; 

Operating Collector Junction Temperature Range. 2 we ee ee <——_- 65°C to 190.6 —_ 

Storage Temperature Range . 2 1) 1 ee ee et ~=q———- -65 C to 150°C ———» 

Lead Temperature 1/8 Inch from Case for 10Seconds .... 1... --: «———_ 260 C -—___—_—__ 
NOTES: 1. This value appiles when the base-emitter diode Is upen-circulted. 


1 
2. This value eppiles tor ty, < 0.3 ma, duty cycle < 10%. 

3. Derate linearly 10 180°C case temperature at the rate of 0.64 W/C. 

4, Derste linearly 10 160°C free-alr temperature si the cate of 28 mW/C. 

B, This rating Is bared on the capablilty of the teansistor to operate asfely in the cireuit of Figure 2, L = 20 mH, Aggz = 1000, 


Vaz © OV, Ag 0.19, Vee © 10 V. Energy © 1/2 te2LA. 


nn 
TEXAS INSTRUMENTS 2-189 


TYPES TIP34, TIP34A, TIP34B, TIP34C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


TIPI4 TIP34A Tipase |] Tepzac | 
PARAMETER TEST CONDITIONS 
| MIN MAX] MIN MAX [MIN MAX| MIN MAX 
Collecior-E miter Ic = -30 mA, Ig =0. 
Vv -40 -60 v 
IBRICEO prescdown Voltage | See Note 6 
Collector Cutot! VcE = -30V. tg <0 -0.7 -0.7 
iee6 jector Cute CE B ie 
Current Vce*-60V. Ig-0 5 . 
Vee ==s0V. Vee =0 =) ———[roeae | 
Cotiecror Curott — [Vog ==80V. Vege +0 = es 
Ices mA 
Current Voce = -80V. Vee °0 —0.4 | 
[Vee = =100V. Vee =o [0a 
; Eminer Cutott v av ince . 1 1 iilena. 
EBO Current €8 : ¢ 
' Vee = -4V. ler 1A, 
Stave Forward i & ‘ ¢ 40 40 40 40 
| See Notes 6 end 7 
neE Current Transter 
Vee = -4V, Ig=-3A, 
Anio | 20 «100 20 100 20 400 20 «100 
| See Notes 6 and 7 
Vee -4V. Ies-3A 
ce . cans A: ~-16 -1.6 -1.6 1.6 
Bose-E mutter ; See Notes 6 and 7 
VBE i v 
Voltage ! Veer -4V. IG -10A, 
; -3 ~3 ug -3 i 
See Notes 6 and 7 
Tipe -00A, Ig-3A, salt ; Fi ; 
Cotlector-Emitter See Notes 6 and 7 
VCE fan) v. 
Saturation Voltage Ig = -2.5A, te=-10A, 7, j 4 
See Notes 6 and 7 
Smatl-Signa! 
Common-E mutter Vce*-10V. Ie -0.5A, 
h 
fe Forward Current fe tkHe bi % ° 
Tronster Astio 
Smail-Signa! 
Common-Eminer Vce + -10V, I¢=-O5A, 
hrel 3 3 3 
Forward Current feiMHy 


Tronster Ratio 


NOTES: 6, Thess parameters must be measured using pulte techniquen t, 
7, These parameters 


= 900 ps, duty cycle < 2%. 
operate from the current-carrying contacts. 


re Maessred with voltage-tensing contac’ 


thermal characteristics 


PARAMETER [unr] 
Rgsc _ Junction-to-Case Thermal Ressience co 


Rega Juncton-to-Free-Air Thermal Resistance 


switching characteristics at 25°C case temperature 
TEST CONDITIONS? 


ton Turn-On Time Ie=-64, Ing) *-06A, — 1g(2) * 0.6 A, 


‘ott Turn-Otf Time Veeton = 4. RL -sn. See Figure 1 


T Voltage aNd current values shown ere nominal; exect values vary slightly with tranalstor parameters, 


2-190 TEXAS INSTRUMENTS 


TYPES TIP34, TIP34A, TIP34B, TIP34C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


INDIA INDIA 


Meer 102 


= u i] 
Ven 4 0 -~ i 
Ovrrut 
= Vc * BS 10%. 


Voor = 16¥ 
ADT FOR 
Vans - VAT 
INPUT MONITOR 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES A. Vgq, 18 @ 30 V pulse [from 0 V) Into 6 60:1 termination. 
8. The Vgen waveform is supplied by a generetor with the following characteristics: 1p < 15 ns, ty < 18 ns, Zo4,° 501, 1, = 20 us, 


duty cycle & 2%. 
. Waveforms are monitored on en oscilloscope with the following characteristics: tp © 15 18, Ain 4 10 MQ, Cin < 11.5 DF, 


c 
O, Resistors must be noninductive types. 
E. The dc power supplies mey require sdditional bypasang In order to minimire ringing. 


FIGURE 1 


INDUCTIVE LOAD SWITCHING 


(9) vce wourton 


1 
wee 
eur 
vouract 
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@. 
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) 


Feo2* 100n vee = 104 


tevowro® o- - 


councictom 


Veni tov 
apne 10¥ VOUTAGE 


Vaeecuam~ te 


TEBT CIACUIT VOLTAGE ANO CURRENT WAVEFORMS 


NOTES: A. L1 end L2 ere 10 mH, 0,11 1, Chicago Standard Transtormer Corporetion C-2688, or equivalent, 


8. Input pulse width la Increased until leggy = =2-8 A. 
FIGURE 2 


TEXAS INSTRUMENTS 2-191 


TYPES TIP34, TIP34A, TIP34B, TIP34C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS THERMAL INFORMATION 


gTat Te23a2 ANSTER RATIO 


DISSIPATION DERATING CURVE 


fret Futveont Carton Cranstoe Metin 


Py Macununs Continuous Device Oey 


Te -Caw Teroeratute-'C 


FIGURE 4 


KEV FOR FIGLAE § 
CONDITIONS 
ty = MOn GOT 1Cy 
theta d= 01+ 10% 
tw 10m ds O.1= 10% 
D-C OPERATION 


| 
i 
{ 


ce —Cotector-€ mitter Voltage-V 


FIGURE S 


NOTE © Te comcerat.o3 cf mam wcitage and current mey be achieved only when switching from Beturabon to Cult with a clamped 
ascii ioes 
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TYPES TIP35, TIP35A, TIP35B, TIP35C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP36, TIP36A, TIP36B, TIP36C 


© 125 W at 25°C Case Temperature 
© 25 A Rated Collector Current 
e Min fy of 3MHz at 10V,1A 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


Ly DECOR amt mn ments 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP3S) «=TIP3S5A =TIP3SB .TIP3SC 
40V 60V 80V 100 V 


Collector-Base Voltage. . ifs sik oe se ante wae ee 
Collector-Emitter Vottage (Seo Note 1) sg RR TE aT Et ace 40V 60V 80V 100 V 
Emitter-Base Voltage Bo ye She eo ine Bly eS a, 2 el am taro) Seheere a ga <<. —_ 5 Vv ————__ 
Continuous Collector Current 6 6. <.———__ 25 A ——_—___» 
Peak Collector Current (See Note2) .. 2... ..-.-.--. .-_\ — 0A ————_ 
Continuous Base Current 6 2 ww _ +.———— 5A ———__ 
Safe Operating Region at (or below) 25° c Case Temperature. . . . . . . @-————_ See Figure 5 ————_»> 
Continuous Device Dissipation at (or below) 25°C Case 

Temperature (See Note3) . 2. 2. we ee ee <.—__ 125 Ww ——___—__ 
Continuous Device Dissipation at (or below) 26°C Free-Alr 

Temperature (SeeNote4) 2... ee et <<. —— 3.5 W > 
Unclamped Inductive Load Energy (See Note5) ... 2... <<. 9 mi ———_ 
Operating Collector Junction Temperature Range... ... <4——__ -65°C to 150°C ——> 
Storage Temperature Range . 2 2 1. es 0 }— -65°C to 150°C —_—_» 
Lead Temperature 1/8 Inch from Case for 10Seconds ... ~~ - . <—_—_——- 260°C —-——__» 


+ Thia valuo apples when the base emitter diode Is opencirculted. 
- This vatuo apples for ty < 0.3 ms, duly cycle < tO. 


NOTES: 1 
a 
3, Derote linearly to 160°C case temperature a1 the rate of 1 W/°C, 
4 
8. 


+ Derate lincarly to 160°C free-alr temperature at the rate of 28 MWC. 
. This tating le based on the cepability of the transistor 10 operate safely in the circuit of Figure 2, L = 20 mH, Age2 = 100 11, 


Vao2 7 OV, Ag = 0.1 11, Voc = 10 V. Energy © te2t72. 


pa I 


TEXAS INSTRUMENTS 2-193 


TYPES TIP35, TIP35A, TIP35B, TIP35C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS 


MIN MAX 


MIN MAX 


eee ree TIPS rae To 


Transter Ratio 


i Collector-E mitier Ie 30mA, tg > 0, aa 60 a0 
(BRICEO Breakdown Voltage | See Note 6 
; Cotlector Cutoff Vee - 30, 1g 0 1] 1 aa 
| bao pact a) 2a: 
oat Current Vee =60V, _igeo ' es 
Vee=#0V.Vag-0 [or | eee 
: Coltector Cutott Vee = 60V, Vee 70 0.7 [sd ae 
pe Current Vce-S0V, Vee-0 o7 | 4 
[Noe = 100V. Vag =0 [| 
\ Emitter Cutott e ey nad 1 . 
25V, . ma | 
£BO Current E8 © choad 
T Vce<4v, Ie VSA, 
Static Forward : ce c 25 I 
| See Notes 6 and 7 ! 
hee Current Transte: Wicea Tass : 
Ratio Oe nes i . 10 50 | 10 $0 10 50 : 
See Notes 6 and 7 
UVcg- 4V, Ie 15a A 2 
Gare£ miter | See Notes 6 ang 7 
Vee vi! 
Voltage I Veg « 4v, tc= 25A, A ; F, ; 
See Notes 6 and 7 ! 
; tpt SA. Ign 1B A, : 
i : = & 18 18 18 7 
Collector-Emitier See Notes 6 and 7 ; 
Vee (att v 
Saturation Voltage 1B 5A, ie 225A, | 
See Notes 6 and 7 | 
Smatl-Signat I 
Common-Emitter Vce* 10V, Ice lA, F 
Forward Current fe tkHe 
Transter Rano 
Smail-Signal 
Common€miner Vee *10V, lee la, 3 
Prel Forward Current {+1 Mey 


re 


NOTES: 6, These parameters must be measured using pulse techniques. 1, = 300 ws, duty cyclo < 2%, 
7, These parameter are massared wiih voltage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER 


Resc 
Rosa 


Juncuon-to-Case Thermal Reustance 


Junction-to-Free- Au Thermal Resistance 


switching characteristics at 25°C case temperature 


PARAMETER 


ton Turn-On Time 


lotf Turn-Olf Time 


Ice 154, 


feast. 
VpEloft}* -4.15V, AL =2n, 


54, 


Ig¢2) ° -1.6A4, 
See Figure 1 


T Voltage end current values shown are nominal; exact values vary signily with trensistor perameters. 
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TEXAS INSTRUMENTS 


TYPES TIP35, TIP3SA, TIP35B, TIP35C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


NOTES, 


PARAMETER MEASUREMENT INFORMATION 


Noe 


1NDS4 


Myepr ain aura 


Vpers tv 
a0s5T 408 
Yenc ital 
INPUT MONITOR 


TEST CIACUIT VOLTAGE WAVEFORMS 


A Vgen 1 8 ~30 V pulse (from 0 VI Into # 50-M termination. . 
B. The Voon wevetorm is supplied by # generator with the following characterstice: ty U5 na, ty < tS.98, Zour * 501, ty * 20 us. 
Uoty cycle S 2% 

Wavalorms ara monitored on an orcillorcope with the following characteristics: ty © 1S m9, Aig 2 10MM, Cinq S 11.5 DF 
Resstors must be noninducteve types. 

The dc paowor supplies may requis additionat bypassing In order to minimize ringing. 


FIGURE 1 


roo 


NOTES: 


INDUCTIVE LOAD SWITCHING 


couectce 
. CUAREAT 
0 


veces ov 
tC MONITORS Vigmcen 


couecton 
vOuTace 


Veeis ov = 


TEST CIRCUIT VOLTAGE AND CURRENT WAVEFORMS 


A. 1 and L2 ere 10 mH, 0.1) 11. Chicago Stendard Transformer Corporation C-2688, or equivalent. 
8. Input pulse widin is Increased until long = 3 A. 


FIGURE 2 
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2-196 TEXAS INSTRUMENTS Be doget ane nef ous liao 


TYPES TIP35, TIP35A, TIP35B, TIP35C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS THERMAL INFORMATION 
STATIC FORWARD CURRENT TRANSFER RATIO 
vs DISSIPATION DERATING CURVE 


COLLECTOR CURRENT 


Transter Ratio 


hegE Static Forward Cur 


Py — Maximum Continuous Device Dissy 


010204071 ? 710 20 40 70100 


te-Coliector Currert-A Tc — Case Temperature - “C 


FIGURE 3 FIGURE 4 


/OTES: 6. These paromeiers must be messored using pulse 
lechniques. ty, = 300 es. duty cycle S 2's 
7, Trete paramesers ate micasered oo waith 
voltage tens.ng contacts seaseate from the 
Current carrying contazts 


MAXIMUM SAFE OPERATING REGION 


fo ee 


ee ote OF = 


KEY FOR FIGURE S 


tw * 300 us, d= 0.1 = 10% 


I¢-Collector Current~A 


tw 1ms,d = 0.1 = 10% 
tw* 10 ms,d= 0.12 10% 
0-C OPERATION 


op ee it — 

Toot teas 
[| THPa5a 
P3568 = 


-TIPISC 
1 2 4 710 20 40 70100 2700 400 


Vee —Collector-E mitter Voltage-V 
FIGURES 


NOTE 8: This combination of maximum voltage and ¢srrant may be achieved only véhen switching (rom saturation to culolt with a clamped 
inductive losd. 


Ti canrat asseme any respon! 


TETAS INSTRUMENTS RESERVES THE RIGHT TO MAN (HANES AT 
IM ORDLE TO IMPROVE DISIGN AND TO SUPPLT THE BST PRODXT 


TYPES TIP36, TIP36A, TIP36B, TIP36C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP35, TIP35A, TIP35B, TIP35C 


@ 125 W at 25°C Case Temperature 

@ 25 A Rated Collector Current 

© Min ft of 3MHzat10V,1A 
mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


ota stem 


PUG CENT wD Ane eect 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TiP36 «= TIP36A =TIP36B TIP36C 


Coliector-Base Vottage . . . . ay Ney ibe She wa Ser Bae .... “40V -60V -B80V -100V 
Collector-Emitter Voltage {See Note 4 Bis ht te GOAL ee -.... 40V -60V -BOV -100V 
Emitter-Buse Voltage nee Bae Aa hs see, a Fa ety Bile ee aes ar <—_——_ -5 V ——__—__» 
Continuous Collector Current. 6 | ww ee Lo 25 A 
Peak Collector Current (See Note2) . 2... 2. ee ee tees.) + -40 A ——__—_» 
Continuous Base Current 2 ww ee fo I 5A 
Safe Operating Region at {or below) 25° c Case Temperature wee ee OE —— See Figure 5 ————_» 


Continuous Device Dissipation at (ar below) 25°C Case 
Ternperature (See Note3) 2... 1. ee et 
Continuous Device Dissipation at (or below) 25° c Free- Air 


a — 125 ————__ 


<<. — 3.5 Ww ————_ 


Temperature (See Noto4) 2. 2 1 eee ee ef 
Unclamped Inductive Load Energy (SeeNote5) ....... Le. fe «(90 ms ————_ > 
Operating Collector Junction Temporature Ranga. ww . e— -65°C to 150°C ———» 
Storage Temperature Ranga. ww ee le Le.) —— -65°C to 150°C: ——» 
Lead Ternperature 1/8 Inch from Case | for 10 Seconds gods Sa ke Se Co a 260°C ——_—_—<—_ > 


NOTES: 1. This value apptios whon the base-emniiter diode is open-circusted. 
2. This value applies for ty < 0.2 ms, duty cycle < 10%. 

3. Derate linearly 10 150°C case tomporature at the rate of 1 W/°C. 

4, Derate linearly to 180°C free-air temperature at the rate of 28 mW/"C. 

6, Thia rating Is based on the capability of the transistor to operate sately in the circus of Figure 2. L © 20 mH, Agaz * 100, 


Veo2 70 V. Rg 0.11. Voc = 10 V, Energy © 1670/2. 


a 


TEXAS INSTRUMENTS 2-197 


TYPES TIP36, TIP3GA, TIP36B, TIP36C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


PARAMETER 


Collector-Emitter 


v 
(BRICEO a resadown Voltage 


TEST CONDITIONS 


ig’ -30 ms, 
See Note 6 


Ig 70. 


Coliector Cutott 
Current 


Voce -30V. tg 0 


TiPa6 


-40 


TIFI6A 


MIN MAX | MIN MAX 


Ee eee ce 
es ee 


-60 


TiP368 
MIN MAX] MIN MAX 


Vce* -20V. Vag -0 -0.7 a 
Collector Curott i Vce*-60V, Vee+o ~0.7 aan 
ees jector Cuto' | Voce BE mA 
Current Vee -S0V, Vag 70 ! -0.7 
Vee -100V, Vpe-0 
E Cutolt i i 
ceo mutter Cuto | Vege -8V, ler 0 Ly 1 1 om yal (ey 
Current i : 
Vv, «-4V, lee -1l5A, ' 
Stati: Forward cE ¢ | 25 25 25 25 
| Sas Notes 6 and 7 : 
hee Current Transter —S OTA 
Ratio cE ; c i 10 50 | 10 «650 | 10. 50 | 
See Notes 6 and 7 
Vv, -4V. le -15A, 
ce c 5 -2 2 -2 
Bote Emitter » Ste Notes 6 and 7 
VBE Vol Vv av 1¢=-25A ¥ 
foliage ces WAV. c"- . og Sq “4 -& 
Ser Notes 6 and 7 
igs 15A lore 
8 Age crn tSA. -18 -18 18 18 
Coltector-Em.tter See Notes 6 and 7 
VCE It) ors ig. 5A 1e--25A * 
ose iB ; ¢ . = ~4 -4 -4 
See Notes 6 and 7 
Small-Signa! 
. Common-€ mitter ‘ Vee * -10V, Ios -1A, 
te 


Forward Current 
Transfer Ratio 
Smoil-Sigra! 
Common Emiter 


Forward Current 
Transter Rao 


NOTES 6. Thete paramete 


peers 


| Voce * -10V. 
fe iM 


MUNI be measured using pulse tecnniques. ty = JOO us, duly cycle < 2s. 


7. These paremetars are measured vaitn vollage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER 


Fgsc  dunction-to-Case Thermal Aesstance 


Agya  Junction-toFree-Au Therma! Remsunce 


switching characteristics at 25°C case temperature 


ton Turn-On Time 


tof Turn-Olf Time 


To = -15A, 


VBE fot) = 4.15 Vv. 


‘aay -15A, 
AL=2N, 


T Voltage ond current values snown are nominal: exact values vary slightly with trensistor perameters, 


giz) "1.64, 
Seo Figure t 
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TEXAS INSTRUMENTS 


TYPES TIP36, TIP3GA, TIP36B, TIP36C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


‘Nata INDIA NDT 


02-48 


VeortV 
AQwusT 108 

Wat War 
(INPUT MONTOR 


TEST CLACUIT 


NOTES A Voqn isa 30 V pulse (from 0 V) into # $0-M termination 


curr 
BON. Toe 


15 toy 
a a 
oe pe cae 
Von N= ot koa! 
' 1 
: 1 
‘endef beta of 


VOLTAGE WAVEFORMS 


8 The Vgen wavetorm is supplied by @ generator with the following charactarnucs: ty S15 es, ty S 1899, Zouy 7 50 £1, tw = 20 ws, 


duty cycle S 2% 


C Wavatorms sre monnored of an oscilloscope with Ihe following charscterstrcs 1, S18 98, Ay, 2 JOM, Cy, 6 11.9 DF 


D, Resstors must be noninductive types. 


C. The d ¢ power supplies may require additional bypassing in arder to minimize ringing, 


FIGURE 1 


INDUCTIVE LOAD SWITCHING 


set 


1g WON TO® 


Vanrs tov = 


TEST CIRCUIT 


secs 
wry 
VOLTAGE 

° 


°. 
COLLECTOR 
cosatnt 


couuicrom 
VOLTAGE 


Veacare en 


VOLTAGE ANO CURRENT WAVEFORMS 


NOTES: A. L1 and L2 are 10 mH, 0.11 1, Chicago Standerd Transformer Corporation C-2888, oF equivalent, 


8, Input pulee width Is increased until leggy = -3 A. 
FIGURE 2 
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TYPES TIP36, TIP3GA, TIP36B, TIP36C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS THERMAL INFORMATION 


STATIC FORWARD CURRENT TRANSFER RATIO 
Ss 


COLLECTOR CURRENT 


1000 5 —_— 

700 Yee 4¥ 
7To* 25C 

400 }See Notes 6 and? ~~ 


OISSIPATION DERATING CUAVE 


hr_e- Staue Forward Curent Transfer Rano 


Ie - Cotector Current — A Te Case Temperature C 


FIGURE 3 FIGURE 4 


IOTES: G. Those paramcters must ee Mestured uting pulse 
techniquer. 1, °° WOO ns. a stv eve". 27) 

7. These parameters ote menured vath vo.tage 

fonsing conlactk teparate trom the Current 

carrying contacts 


MAXIMUM SAFE OPERATING REGION 


KEY FOR FIGUAE 5 
A tw * 900 ut,d = 0.1+ 10% 
twee Tims, d* 0.1 = 10% 
tw 10 ms.d = 0.1 10% 
D-C OPERATION 


1¢-Collector Current-A 


8 
c 
i?) 


-4 ~7-10 -20 


Ve -Collector-Emslter Voltage V 
FIGURES 


NOTE 8: This combination of maximum wolisge and Curtent may be achieved only when switching fram saturation 10 cutoff with & clamped 
inductive Joaa 


TI cennet eine aay teipen! 
nu abet they ore fore teow 
TETAS INSTRUMENTS ACSURVES THE RIGHT TO MAKE CHANGES aT SNP 
(WORDLE 10 (MPROVE DISIGN AND TO SUPPLY IME BEST PRODUCT F> 
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TYPES TIP41, TIP41A, TIP41B, TIP4IC 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEEO-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP42, TIP42A, TIP42B, TIP42C 


e 65 Wat 25°C Case Temperature 
© 6A Rated Collector Current 
e@ Min fT of 3 MHz at 10 V,500 mA 


mechanical data 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


wrmancay 
mastic? 


came reepunay.er 
UasreiNT et 


eg tt OF APE ceed 


absolute maximum ratings at 25°C case temperature (untess otherwise noted) 


TiP41) «-TiP41A =TIP41B TIP41C 
Collector-Base Voltage... Se GPO aD pals Bs Jon Yoho chr eo ee Ga 40V 60 V 80 V 100 V 
Collector-Emitter Voltage (See Note 1) rsa Fate) oo" Be Yor tia <a bom eS 40V 60V BOV 100 V 
Emitter-Base Voltage BP WEEP Sy ae Teh Met se Be aie dane gid, <<. 5 ————_ 
Continuous Collector Current 2. ee ee << 6A ——_——_ 
<a ——_ 10A ————_> 


Peak Collector Current (See Note 2) . 2... ee ee ee 
Continuous Base Current 2 www See Se IA 
Safe Operating Region at (or below) 25° c Case Temperature ...... <a——_ See Figure 5 ———_——_> 
Continuous Device Dissipation at (or below) 25°C Case 

Temperature (See Note 3) 2 2 1 we ee ee <<. 65 W —_____> 
Continuous Device Dissipation at (or betow) 25° C Frea-Air 

Temperature (SeeNote4) 2. 2 2 7 we ee ee —_—__— 2w —————_ 
Unclamped inductive Load Energy (See Note 5) a a ee <.—_—. 62.5 m) -____> 
Operating Collector Junction Temperature Ranga =... . . . 0 e—- §-65°C to 150°C ——__» 
Storage Temperature Rango . 2 we ee ee ee <«s—— _ -65°C to 150°C ——_m» 


Lead Temperature 1/8 Inch from Case for 10 Seconds << 260°C. ——_—___» 


NOTES: 1, This value applios when the base-emitter diode Is open circulted. 

2. This volue appiies for ty & 0.3 ms, duty cycle < 10%, 

2. Doroto lineorty 10 160°C cas pareture at the rate of 0.62 W/°C. 
4, 

6 


. Derate linearly 16 160°C free alr tempereture at the rate of 16 mw/C. 
. This rating Is bared on the capability of the trensisior 10 operets sately In the clecult of Figure 2. L = 20 mH, Aga2 *©100N, 


Vop2 70 V. As = 0.1.0, Veg = 10 V. Energy © Ie7L 72. 


a 
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TYPES TIP41, TIP41A, TIP41B, TIP41C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS Tipaie _|_TiPaic 
MIN MAX|MIN MAX|MIN MAX|MIN MAX] 
[ Cotlector-E mutter Yo - SOMA, Ig - 0, ] 
ViBAiceO Breakdown Voltage See Notes =o a cod 
° Coltector Cutott Voce « 30V. ip 0 0.7 0.7 | | 
seo Current [Vee 60V. Ig [07 | _o7| 
Voe = 20V Vee - 6 0.4 es 
; Collector Cutott Vee * 60V, Vee *O o4f CCT nik 
ces Current Vee SOV, Vee" 0 T | o4] | 
Vee = OV Vee =O] ce M5 
cre a 
teBo on air Vege SV. ie=0 n 1 1 1] ma 
a 
Static Forward Vee *4¥. 1c OFA. | 5g 30 30 fo | 
« See Notes 6 and 7? 
hee Current Transfer eer 35 
Ratio pad : abet 15 75 18 75 | 16 75 | 15 78 
, See Notes 6 and 7 
% Bae Emer [Veg = 4V. 1c GA, ai 5 F ‘ 
GE Voltage See Notes 6 and 7 ! 
Collector-E mutter ‘gp O64. le 6A, 
VCE) oe uranon Voltas: i" Notes 6 and 7 7 2 As | 1s] we 
[—____Smat-$.gnat F epee ne | 
Common-Emtier 'Vce*10v, Ie@<O05A, 
me Fonvard Current t oj nHz 7 7 20 A 
Tranter Rate | | 
Snail Signa! 
Common-Eminer Vce + 10, Ic + OSA, 
bel Forward Current 'f~ 1 MHe id 7 ie | 
Transter Ratio 


NOTES: 6. These psromaters mutt be mesured using pulte rechniquet. ty * JOO ws, duty cycle © 2%. 


7, These parameters are mem sted vith voltage senting contacts saparate from the current-carrying contacts. 


thermal characteristics 


PARAMETER 


Royo — Junction-to-Case Thermal Resistance 


Rosa  dunction-to-Free-Aie Thermal Resistance 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS? 


ton Turn-On Time We GA, Te11p+ 0.6A. 182) = -0.6A, 


‘Voltage and current values shown are nominal, exact values vary slightly with tranusior parameters 
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TYPES TIP41, TIP41A, TIP41B, TIP41C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


wre NDNA INDIA 


Mge7- 100 acess 


Veer® Gv 
A0rst FOR 
Voss 14Vat 
1NPUT VONITOR 


TEST CIRCUIT VOLTAGE WAVEFORMS 


MOTES AL Vaqn it a —J0-¥ pulse (trom 0 V1 into # 50-1 termingtion. 
U. The Voon wavetorm Is supplied by # genorator with the following characteristics. ty S 15.8, ty 6 15 8, 2Z5,,, 7 501, ty © 20 ps, 
duty cycle S 2%. 
C. Viavetarme are monitored on an oscilloscope with the following charactermtics: ty S 15 om, Rin 2 10MM, Cyn S 11S PF. 
DD Resstors must be noninductive types. 
E, Theadc powor supplies may require additional bypassing In order to minimize ringing. 


FIGURE 1 
INDUCTIVE LOAD SWITCHING 


> = 
rut 
vOu Fact 
sv-t 


1 
mr 10-5 
‘ ' 

Mac dayern wn 


{) 


Ngg7* 1000 


couuectcn 
SOuT AGE 


Vea: tov = 


TEST CIRCUIT VOLTAGE AND CURRENT WAVEFORMS 


NOTES: A. L} ond L2 aro 10 mH, 0,11 M1, Chicago Standard Trensformar Corporation C-2688, of equivalent. 
8. Input pulse width Is increased Vout Leng © 2.6 A. 


FIGURE 2 


TEXAS INSTRUMENTS 2-203 


TYPES TIP41, TIP41A, TIP41B, TIP41C 


N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 


aa 


COLLECTOR CURRENT 


he g —Static Forward Current Ratio 
Py - Maximum Continuous Device Dissipation -W 


1 
001002004 01 02 04071 2 4 =710 
I¢-Coiiector Current—A 


FIGURE 3 


OTES. G. These parameten must te measured using pulse 
Wezhevaues. ty * JOO at. duty eve 6 2% 
7. These paramer memured with voltage: 
teming contacts separste from ihe current: 
Carrying comtacis. 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


to) 25 50 75 100 125 180 


Tc Cate Temperature -“C 


FIGURE 4 


MAXIMUM SAFE OPERATING REGION 


log 2 300 63,05 0.1 * 10% 
ty 1s, d= 0.1 = 10% 
ty = 10 ms, d= 0.1 = 10% 
D-C OPERATI 

a 


I¢-Collector Current--A 


1 2 4 #710 20 40 70100 200 400 


Vee —Collector-Emitter Voltage -V 


FIGURE & 


NOTE & This combination of maximum voltage snd current may be achieved only whan switching from saturation to cutoff with « clamped 


inductive load. 


2-204 TEXAS INSTRUMENTS 


TOTAS ONSTAUMENTS RESCRVGS THE BIGHT 10 MAZE CHANCES AT A8t 
IW ORDLA TO IMPROVE OLSIGN AWD 10 SUPPLY THE BEST PROOUKT I! 


TYPES TIP42, TIP42A, TIP42B, TIP42C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP41, TIP41A, TIP41B, TIP41C 


© 65 Wat 25°C Case Temperature 
© 6A Rated Collector Current 
e Min ft of 3MHz at 10 V,500 mA 


Mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


wHcuancan wetemcmancsaa CTY oF Teg 


om 
on 
0 a8 OMNI ent: 


so 
eno uAcID 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TiP42) -TIP42A «=TIP42B OTIP42C 
Collector-Base Voltage... BRP Roe OE SS elas ae SOS ie Se, re -40V -60V -80V -100V 


Collector-Emitter Voltage (See Note aegis Set a a ee ee —0Vv -60V -80V -1I00V 
<<. -5 V ——_» 


Emitter-Base Voltage 6 ww ee 
Continuous Collector Current 2 6 6 6 <——— _ -6A ————_ 
Peak Collector Current (See Note 2)... 6 1 2 eee ee es oe ee ~-104 ——r 
Continuous Base Current 2 | | <a _ -3A ———_——__ > 
Sate Operating Region at (or below) 25° c Cote Temperature see Se See Figure 5 ———_> 
Continuous Device Dissipation at (or below) 26°C Case 

Temperature (SeeNote3) 2. 2... 1 ee ee ee et <a ——_ 65 Ww ———_ > 
Continuous Device Dissipation at (or below) 25°C Free-Air 

Temperature (SeeNote4) 2. 2 1 ee ee ee ee <<. —_ _ 2wW ——_ 
Unclamped Inductive Load Energy (See Note 5) nie a gests ar Senders <—————_- 62.5 m) -————_ 
Operating Collector Junction Temperature Range 2. 1... . ee ee <t——- -65°C to 150°C ———__» 
Storage Temperature Range 2 2 2 ee Lo. Sb — -65°C to 150°C ———m» 
Lead Temperature 1/8 Inch from Case for 10Seconds ... 2... es. <<. ——_ 260°C ——__—__»> 


NOTES. 1, This value appiles when the base emitter diode Is open-circulied. 


2 

2, 

4, Oerato linearly 10 160°C free-air temperature 
6. Thle rating Is based on the cepabillty of the trandstor to operete tafaly in the circuit of Figure 2. L = 20 mH, Figg = 1002, 


Vpo2 OV, Ag 0.11, Vee = 10 V. Energy © Ic2L72. 


Texas INSTRUMENTS 2-205 


TYPES TIP42, TIP42A, TIP42B, TIP42C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


ViBRICEO 


'eBo 


VCE (a0) 


bre] 


PARAMETER 


Collector-E mitter 
Breakdown Voltage 


TEST CONDITIONS 


MIN MAX 


TIPA2A 
MIN MAX 


TiP428 


Ig = -30 ma, 
See Note 6 


‘peo. 40 


Collector Cutoff 
Current 


Collector Cutoll 
Current 


Emitter Cutoli 
Current 


Stance Forward 
Current Transfer 
Ratio 


Base-E mitrer 
Voluge 

Collec tor-Em: tier 
Saturation Voltage 
Smalt-Signat 
Common-E mitter 
Forward Current 
Transfer Retio 
Smal-Signal 
Commor-E miner 
Forward Current 
Tranater Ratio 


1g 0 


Vee = -100V. 


Vege -5¥. 


Vee "90 


Ier0 


| Vee 4 V, 
See Noter 6 and 7 
Vee > -4V. 
! See Notes 6 ond 7 
| VcEe-4V, 
See Notes 6 and 7 
' Ig= -O6A, 
See Notes 6 and 7 


Vee *-10V. 


felihy 


Voce = -10V, 
fe 1MHer 


Te* -0.3A, 
Te=-3A, 
Ic -6A, 


1e--6A, 


1¢*-0.6 A, 


I¢=-O.5A, 


NOTES: 6. These pasernsters must be measured Using pulse techniques. t, ~ 300 ys, duty cycle < 2%. 
7, These parameters are memsred with volisze-sensing contacts separate from the current-cerrying contacts, 


thermal characteristics 


Reic 
Resa 


PARAMETER 


Junction-to-Cese Thermal Resistance 
Junction-10-Free-Air Thermal Resistance 


switching characteristics at 25°C casa temperature 


PARAMETER 


n Turn-On Time 


TVeltage end current veluen shown are nominal, exect values vary slightly with tra: 


2-206 


toft Turn-Off Time 


1e--6A, 
VeE(or) "4, 


TEST CONDITIONS 
laty = -0.6A, 
AL-5A, 


tor parameters. 


TEXAS INSTRUMENTS 


'g{2) " 0.6 A. 
See Figure 1 


TYPES TIP42, TIP42A, TIP428, TIP42C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


cureur 
vewtoe 


wot 


iota 


NPUT VONITOR 


TEST CIRCUIT VOLTAGE WAVEFORMS 


“OILS A Vaan 1a 30-V pulse (from 0 V) into # 50-1 reemination. 
8 The Voge wavatorm is suppliad by a generator with the following characteristics. t, S15 m8, ty S15 ns, Zoyy" SOM, ty * 20 ys, 
uty cyclo % 2%, 
c 


Wavuturms are moniiorad on an osciliowcope with the following characteristics: tS 15 nt, Ryn 2 10 MN, Cin S 11,5 pF. 
0, Resistors murt be noninductive toe. 


b. The uc power supplios may roquite additional bypassing In order to minimize ringing. 


INOUCTIVE LOAD SWITCHING 


ccuictom 
wOTACE 


¥encea- 
TEST CIRCUIT VOLTAGE AND CURRENT WAVEFORMS 
NOTES’ A. LI ond L2 are 10 mH, 0,11 1), Chicago Stendard Transformer Corporation C:2686, or equivalent, 


B. Input pulse width Ie increased until leggy * ~ 2.6 A. 


FIGURE 2 


Texas INSTRUMENTS 2-207 


TYPES TIP42, TIP42A, TIP42B, TIP42C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS THERMAL INFORMATION 


STATIC FORWARD CURRENT TRANSFER RATIO 
ws 
COLLECTOR CURRENT DISSIPATION DERATING CURVE 


hee Static Forward Current Transfer Ratio 
Py- Mawmun Continyous Device Ditspation W 


-0.01 -004 -01 -03 -9 -2 -4 -10 


1e-Covector Current-A Tc-Cate Temperature—'C 
FIGURE 3 
NOTES. G. Thete parameters must ba Moneted uting pulse 
techn.ques 1," 200 es d-ty cycles 28 
7. These parameters aro mesured with voltage 


FIGURE 4 


yeouing contacts tcparote trom the current 
Carrying contacts. 


MAXIMUM SAFE OPERATING REGION 


“recs 
t f 


1c- Collector Current- A 


| TIP428 
TIP42C 


-1 -2 -4 -7-10-20 -40 -100 -400 


Vc_E—Collector-E miter Volisge—V 


FIGURE S 


NOTE & This combination of masimum voltage and current may be achieved only when switching from saturation to cutoff with a clamped 
inductive load. 


2-208 TEXAS INSTRUMENTS 


SUTRAS PMSTRUMENTS AUSERVES THE BIGHT 10 MAE CHANG(D AU dst 
IW OFDEA TO IMPROVE DESIG AWD FO SUPPLT THE BIST PRODAT AY 


TYPES TIPI0, TIPIN, TIPIIZ 
N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


DESIGNED FOR COMPLEMENTARY USE WITH TIP115, TIP116, TIP117 
© High SOF Capability, 40 V and 1.25A 
e S50 Wat 25°C Case Temperature e Minhge of 500 at4V,2A 
e 2-A Rated Collector Current e 25-mJ Reverse Energy Rating 


device schematic 
COLLECTOA 


[RP eee ee 


Cocco 


EMITTER 
mechanical data 


THE COLLECTOA IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 
ven dans Hot rane 
tm pmcataom cr tao 
verdes syame | 
wus: 
Cauca oe 
Werte oe. 


(ass teewtmarven 
wraetwtst cat 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
TIP110 «~TIP111. -TIP1212 


Collector-Base Voltage... Pare cy RNa Wy Gi Oa pgs wits anes ay “BON 80 V 100 Vv 
Collector-Emitter Voltage (See Note 1) lie frat BS iad ap Mam ihontbrt ay Bar fa) Se sda our Oar Ss i a 60 V 80 V 100 V 
Emitter-Base Voltage 2. 5v 5V SV 

Continuous Collector Current 6 6 ee 2A 
Peak Collector Current (See Note 2) © 6 2 ee A 
Continuous Base Current. . we ee ee 80 MA 
Safe Operating Areas at (or below) 25° c Case Temperature nied . .  «@ See Figures 7 and 6B—» 
Continuous Device Dissipation at (or betow) 25°C Case Temperature (See Note 3). 2 oo 50 W——_—e 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) — —2W———_e 
Unclamped Inductive Load Energy (SeaNote5) 2. 2 2 2 ee ee ee ee Oe 2 mI 
Operating Collector Junction Temperature Range. 2 1... ee ee BBP to 150°C eo 
Storage Temperature Range 2) wo ee 65°C to 150°C —e 
Lead Temperature 1/8 Inch from Case {fot 10 Seconds Se ee SO 260°C —— 


MOTES 4, Those values apply when the base-emitter diode it open-circulted. 

2. This applies for tw % 0.3 
3. Ooraia hinoarly 10 160°C ¢ 
4 
$ 


# 0.4 W/"C oF refer to Dissipation Derating Curve, Figure 9. 

. Derate lingorty 10 150°C te te of 16 mW/°C oF cefer to Olasipation Derating Curva, Figure 10. 

» This rating i: based on the ability of the trensistore to operate eafely in the circuit of Figure 2. L = 100 mH, Agg2 - 1001, 
Vap2- OV, Ag - 019. Voge = 20 V. Energy ~ te2L/2, 


a SS PSE 


TEXAS INSTRUMENTS 2-209 


TYPES TIP110, TIPIN, TIPIIZ 
N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


TIP110 TIPTII TIP 112 
PARAMETER TEST CONDITIONS aa [ mer2 | 


v Cotlector-Emutter i 30 ma : 7 SeeNeied 
- . = 0, ie 
(@RICEO Breakdown Voltage c 8 


IcEO Collector Cutott Current 


Vce-50V. Ig-0 
Veg“ 60V, te +0 
Collector Cutoti Current Vep* SOV. te +0 


eed 

Veg 100V. ig > 0 a 

Emitter Cutoff Current | 2 
[tooo 

[2.8 | 


Stanc Forward Current Cc 
See Notes 6 and 7 
Transfer Ratio Vee*ayv. Ios 2A 


Bose Emitter Voltage [Yoer4V.  t¢* 2A, See Notes 6 and 7 


Collector-Emitt 
VCE teat) par siatinee tg BmA, Ie 2A, See Notes 6 and 7 
Saturaton Voltage 


Teles mutt be me. 


red ang Cute techn-auet ty - 300 us, duty cycle & 2%, 
eters Ore meet _ted with vollage sent. ng Contacts separate Irom the current cerrying contacts and located within 0125 
«nch trom Ine de.ice DOdy 


switching characteristics at 25°C case temperature 


PARAMETER 
Turn-On Time 1e- 2A, Igy BMA, 1g(2)° -B mA, 
TurrOft Tame Veeionn - -5V. AL * 159, See F gure 1 


V Voltage and current values shown a 


noming’ T values very slightly with transistor parameters, 


PARAMETER MEASUREMENT INFORMATION 
INPUT 
MONITOR 


7 | ouTPuT 
=e. MONITOR 


AL-isa 


OuTeuT 
Veces MV 
veuie ey 5 
ADJUST FOR 
Ven 242 VAT a] 
INPUT WONITOR 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. Veen is 8 —30-V pulse (from 0 Vv) into a 50-1 terminstion. 
B. The Veen waselorm is supplied by & generator with the follcwing cherecteristics: t, < 15 ns, ty S18 ne, Zouy = 801, ys 20H 
duty cycle < 2%. 
C Wevetorms are monitored on an oscilloscope with the following characteristics: t, < 15 96, Rin > 10 MO, Cin S 11.8 OF. 
©. Ressiors must be noninguctve types. 
€. The dc power supplies may require additions! bypeseing in order 10 minimize ringing. 


FIGURE 1 


a 2 SE 
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TYPES TIPHO, TIPI, TIPIIZ 
N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


NOTE A 


INDUCTIVE LOAD SWITCHING 
me peteg DS rw then Note Al 
nour ° j 
Se VOLTAGE 
anes2? sven ‘wie S$ 
ana -s__! on----+ 
COLLECTOR 1 
Z=va-nv CURRENT 5 v 


' 

uote es) 

©) won’ vances Toma 
MONITOR 

COLLECTOR 
vOLTaGt 


= Veni vg Rge00u 
nv 
Ycties ~~ 


TEST CIRCUIT VOLTAGE AND CURRENT WAVEFORMS 
Inout pulse width 19 increased Until icra 90.71 A. 
FIGURE 2 


TYPICAL CHARACTERISTICS 


STAT.C FCOWARD CURRENT 
TRANSFER AATIO 
" 
COLLECTCR CURMENT 


Er Fa eines Some | a cased a ae 
Lt + 100" —] at ee oul — Ty 


Pe eal ea pt 


MASE EVITTER VOLTAGE 


“ 
CASE TEMPERATE RE 


Cee Cation Vonage -V 


vou 


“79-90-75 0 7S 40 FS 100 175 80 I 
T¢-Coe Tempmatve-"C 


"¢ Ch eciee Curent & 


FIGURE 3 FIGURE 4 
COLLECTOR EmsTTER 
SATUMATION VOLTAGE SMALL SGNAL COMMON CMNTTER 
id FORWARO CURAENT TRANSEL® RATIO 

CASE TIMPER ATURE - 

> 4 #RLQUENCY 

| Sy es a. e 

f ge Bma H 

€ wena --t-+ « 

3 [See Motes 6 orct 7 , 

§ | i 

wo? cy 

3 

: I 

: 3 

t t 

ra I 

do } 

3 i 

So 4 

y o« I 7 


15-50 7) 0 7 50 75 10 175 180 178 
Te Caw Temcaratee ="C 


t-Prmqvancy- Me 


FIGURE 6 


FIGURES 


TEXAS INSTRUMENTS 2-211 


TYPES TIP110, TIPI1, TIPTIZ 
N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT 
ws vs 
COLLECTOR-EMITTER VOLTAGE UNCLAMPED INDUCTIVE LOAD 


tc-—Maximum Collector Current-A 


tc--Maxomum Collector Current: A 


10 20 40 70 100 200 400 2 4 7 10 20 40 4 100 200 
VicE-Coliector-Emtter Voltage-V L-Unclamped Inductive Load -—mH 
FIGURE ? FIGURE 8 


NOTE B. Abova this point the se%e Operating aves Mat rot bean dofined. 


THERMAL INFORMATION 


CASE TEMPERATURE 


; RE 
DISSIPATION DERATING CURVE FREE AURTEMPER AT 


DISSIPATION DERATING CURVE 


| 
50 . 1 1 
Rese S2.5°CW | 


Py—Maximum Continuous Device Dissipation—W 
& 


Py—Maximum Continuous Device Dissipation- W 


20 
10 
0 
0 25 50 75 100 125 150 rc) 25 50 75 100 125 = 150 
Te-Case Temperature—°C Ta—Free-Air Temperature—C 
FIGURE 9 FIGURE 10 
2-212 TEXAS INSTRUMENTS 


TOLAS UNSTRUMINTS BESCRVES THE RIGHT 10 MAKE CHANGES at 
IM OROLE 10 IMPROVE DISIGH 4D TO SUPPLY THE BEST PRODLCT 


TYPES TIPI15, TIPII6, TIPI17 
P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


DESIGNED FOR COMPLEMENTARY USE WITH TIP110, TIP111, TIP112 
e High SOA Capabitity, 40 V and 1.25 A 


@ 50 Wat 25°C Case Temperature e MinhfEe of 500ar4V,2A 
© 2-A Rated Collector Current e 25-mJ Reverse Energy Rating 
device schematic couLecroa 


mechanical data 
TOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING Tag 


stan tvs rons 
TOM NE 
te pecat cnc 
emee cosy. 


wast 
couuacrce 
roaury 


ry 
tomo wINtcas Sass Mertaassed 
orwant eet 


* ene 
aaa acre 


ALL OIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
TiP115 TIP116 TIP117 


Collector-Base Voltage. . ee ee ee ee ee OM KBOV -100V 
Collector-Emitter Voltage (See ‘Note 1) ee ee ee eee ee ee KOM -BOV -100V 
Emitter-Base Voltage . . Cy a ae ee ee ee oho en web Oy ee wy et ce -5V -5V -5V 
Continuous Collector Current he un ae oa a ha we ae er en 2 A 
Peak Collector Current (See Note 2) 6 6 6 we a A 
Continuous Base Current... eek ee ee ee ee oe 0 MA ——— 
Safe Operating Areas at {or below) 25° c Cate Temperature ee « - See Figures 7 and 8—» 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3). SOW 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) _—— 2Ww ——e 
Unclamped Inductive Load Energy (See Note5) . . 2 2. ee ee ee on, 28 mj———* 
Operating Collector Junction Temperature Range... ee ee ee eS Cto 150°C — 
Storage Temperature Range. ww ee Cee ee ee ee 65°C 10 150°C —e 
Lead Temperature 1/8 Inch from Case for 10 Seconds ase 


NOTES: Is open circuited, 


apply when the ba 
piles lor tw & 


1 
2. 
a. 
4 
Ly 


tora to operate safely 


ing Is basal on the capability o 
e722. 


Vao2 -OV, As 0.1 2, Vee 20V.E 


a SSS SSS SPSS 


TEXAS INSTRUMENTS 2-213 


TYPES TIP115, TIPII6, TIPII7 
P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS 


¥ Coitector-Em tier ee pee ere SceNdies 
(BAICEO Breakdown Vottage c * 6 


Vee * -30V. ip-0 
\cEO Cortector Cutoff Current Voce - -40V. tgs 0 


Vce* -SO¥. Ig-0 


Cottector Cutoff Csrreat Veg -S0V. le =0 


a 
[| 
yt 
Emitter Cutoff Current 3 a) 
Static Forv.ard Current 5 [1000 
Teanster Rao ; | $00 
Base Sitter Voltage | -28] 
Coliector Ermuer | -2s 


v 
CEI carration Voltage 


NOTES 6 Than p 
7 These p. 
inch tors the ae 


meters Mest De Measures Lb mg Ds te tecmmaues ty * JOO us, duty cycle & 2% 
Meste ted wo Vo tage sero contacts separate from the current carrying contecis and located within 01245 


Pods 


merert a 


switching characteristics at 25°C case temperature 


PARAMETER 
ton Turm-On Time 


Tot TurrOlt Time 


TVontage and current values inown are not ne 


TEST CONDITIONS? 
Igi1y > 8 mA, 1gi2) 8 MA, 
AL * 16, See Figure 1 


1o= -2A, 
VeE(ott) 7 5 Vv. 


values vary shgnily with transstoe parameters 
PARAMETER MEASUREMENT INFORMATION 


INPUT 
¥ONITOR 


OuTPur 
MONITOR 


can SS Ss4 


Apgie2$en! 


wv “ 
IND 14 NOTE TNE an6i7e ee a 
weur 
eheciets Sse giro fon 


ALS 
am i tet of 


= vec- WV 
Vegs+ Vv 
ADJUST FOR . 
Vos* -42 VAT 
INPUT MONITOR 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A Vogn 198 30 V pulse (from O VI into a $0-11 termination. 
GB. The Vogn waveform 14 tupplied by @ generator vith tne folloveng characteristics. 1, © 15 8, 14 S 15 Ns, Zque * 6011. ty © 20m 
duty cycle S 2% 
C. Waveforms are monitored on an orciiloscope with the following charactarsstics. 1, © 16.09, Pig 2 10 MM, Cin © 11.8 DF 
O. Resistors must De noninductive typ 
E, Tne dc power tspplies may requ 


addstronal bypais:ng in order to minimize ringing 


FIGURE 1 


2.214 TEXAS INSTRUMENTS 


TYPES TIPI15, TIP116, TIP117 
P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


INDUCTIVE LOAD SWITCHING 


et es thes re wD 
' 1 
1 


aT M1 


9) Vee MONITOR 


cousctos 
woutagt 


= veer-tovd 


TEST CIRCUIT VOLTAGE AND CUARENT WAVEFORMS 
NOTE A: 1 Ise width Ist ed unit toy © -0.71 A 
Nput pulse width Is increesed until lon FIGURE 2 
TYPICAL CHARACTERISTICS 
STATIC FORWARD CURRENT 
TRANSFER RATIO 
ia BASE LUITTER VOLTAGE 
COLLECTOR CURRENT Cada temeaatund 
000 —— 
H Fl I -- —Veeentv 
é \ Te = ote See Notes @ art? 
5 7000 £ : " ¢ ~ > 
t ; 
: H 
T t000 | > 
5 i 
in j 
F : 
jx } 
z 100 ahi 
-0O4 -O7 -/ 7 -4 “13-40-40 HH 60 FS 1 IT OI 
1g ~Coltecior Current- A To—Came Tomeoemt a=" 
FIGURE 3 FIGURE 4 
COLLECTOR eunTTER SMALL SIGRAL COMMON (MITER 
BATUAATION VOLTAGE FORMARD CURRENT TRANSFER RATIO 
" 
CASS TEWERATURE pacqutncy 


Preb-Semet Sra! foreard Curren Timeter Rete 


Vcr (unt) Cottectr L marie Sat etion Vong -¥ 


-18 40-78 0 28 $0 76 100 178180 1D 
Te -Cos Temparnise—"C 
FIGURE 6 FIGURE 6 


t-Prequeney- Mrs 


NOTES: 6, These parameters mi be memured using pulse techniques, tw = 300 us, duty cycle < 2% 
7, Those perameters are measured with voitege-sensing contacts seperate from the current-carrying contects and loceted within 0.125 


inch from the device body. 
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TYPES TIP115, TIPI16, TIP117 


P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUM COLLECTOR CURRENT 
“ 


COLLECTOR-EMITTER VOLTAGE 


I¢--Maximum Collector Current-A 


-10 -20 —-40 -70-100 -200 -400 


VcE—Collector-Emitter Voltage—V 
FIGURE 7 


OTE B: Above ins pont the tate coe-ating ares has 701 Caen defined 


I¢—Maximum Collector Current. A 


MAXIMUM COLLECTOR CURRENT 
vs 


UNCLAMPED INOUCTIVE LOAD 


2 4 7 10 20 40 70100 200 


L—Unctamped Inductive Load—mH 
FIGURE 8 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


P7—Maximum Continuous Device Dissipation—W 


0 25 sO 7 100 «125 —« 150 
Te—Case Temperature—°C 
FIGURE 9 


P7—Maximum Continuous Device Dissipation —W 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CUAVE 


te) 25 50 78 100 «6125 ~=«150 
Ta—Free-Air Temperatura Cc 
FIGURE 10 
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Th canned este ony terpenscbilily ter ony 
ot cepeevent inet they are lene trom pel 


TCTAS CHSTRUMENTS RESCRVES THE WIGHT TO MANE CHANCES Of 
IW OFOUH 10 1WPROVE D(SIGN AND TO SUPPLT THE BEST PROORCT 


TYPES TIP120, TIP121, TIP122 
N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


DESIGNED FOR COMPLEMENTARY USE WITH TIP 125, TIP 126, TIP 127 


© 65 Wat 25°C Case Temperature e Minhge of 1000 at3V,3A 
© 5A Rated Collector Current @ 50 mJ Reverse Energy Rating 


device schematic COLLECTOR 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


PerOreten i erCe Ter erst) 
arts Para tm tat mete 


te rOMTON CF Chart, 


PALE OF by ate 


wean 
Pepiwerrs 


ALL OIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C casa temperature (unless otherwise noted) 
TIP120 -TIPI21) =TIP122 


Collector. Base Voltage . . task itis a ee Seen a aes ES het, 9 EOLY: 80V 100 V 
Collector. Emitter Voltage (See ‘Note nt See ee oe Bond Bes Geese on ah, Sabre 60V 80V 100 V 
EmitterBuse Voltage 2 6. | ee SV 5V 5Vv 
Continuous Collector Current 2 1. 2... Maw Lake dt Saeki SA 
Peak Collector Current {See Note 2) 2 6 we —— 6A ——* 
Continuous Base Current. . Me a Biol pe ee Sa OL Aa ——— 
Safe Operating Areas at {or below) 25° c Case Temperature mary . . — See Figures 7 and 8 —= 
Continuous Device Dissipation at {or below) 25°C Case Temperature (See Note oe o.oo EW 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) — 2v —— 
Unclamped Inductive Load-Energy (SeeNote5} . . 2... BGM ———— 50. nl ———_* 
Operating Collector Junction Temperature Range . 2 2. 2 ee ee. oe BSC to 150°C — 
Storage Temperature Range. Co ee ee ee ee Om =65°C to 150°C —e 
Lead Temperature 1/6 Inch from Caso tor 10 Seconds Co ee ee ee 260°C 
NOTES: 1 Pply when the base-em diode ss Open-citculted. 

2. pplles for ty < 0.3 me, duty cycle < 10%, 

3, rly to 160°C case temperature at the rate of 0.62 W/'C or refer 10 Dissipation Oerating Curve, Figure 0. 

4, Dorate linearly to 180°C free-air temperature at the rate of 16 mW/C oF refer to Dissipation Derating Curve, Figure 10. 

5, This rating is based on the capability of the teantistore to Operate safely In the circull of Figure 2, L = 100 mH, Agg? > 1001, 


Voo2 79 V, Ag = 0.1 11, Veg = 20 V. Energy © Ig? 72. 


:, 


TEXAS INSTRUMENTS 2-217 


TYPES TIP120, TIP121, TIP122 
N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS 


Coliector- Em. tier 


TIeI22 


ViBRICEO Ios 50mA, 1g +O, See Note 6 


Vce-30V, ig-O 


Bresadoun Vo tage 
leeo Coliector Cutott Current 


Vee" 60V, if -0 
Vop-S0V. i¢-0 
Vepy 100V, Ie 0 
Veg > SV. I¢-0 


'cao Collector Cutolt Current 


lego Emitter Cutott Current 


Stauc Forward Current 


See Notes 6 ond 7 
Vee jv. lee JA, SeeNotesGond7[ 2.5 | 


tpt toms, tes Ja 
oS c See Notes 6 and 7 


NOTES: 6 Thee parameters mest ne Tested 22.73 De te techniques ty, 7 I00 Hs, duty cycle < 2". 
7. These param 
inch from the 


Transte: Ratio 
BaseEm tier Vo tage 


Collector Emitter 
Sata 


VcEisn 


an Voltage 


are Meassred with vo.tage ters ng comtacts teparate from the current carrying contacts end located within 0 128 
pady 


switching characteristics at 25 C case temperature 


PARAMETER TEST CONDITIONS! 
TurnOn Time Ic-3 tginy 12m 
Turn Olt Time Veeiost) * -5V. AL” 10N, 


‘oltage and currant vatues mown are NOT M3 exact eaves vary slightly with Ieansstor paremeters 


PARAMETER MEASUREMENT INFORMATION 


invur 
£ons toa 
Outrut 


~~ MONITOR 


S65. 
NDA NOTE NBG 


AL = 081 


OUTPUT 


Veuie Dv 
2D.AUST POR 
Von * OV aT 7 
INPUT MONITOR 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A Vogen it # —30-¥ pulse (trom OV} into a 30 DN terminetion 
B. The Veen waveform it supplied by # generator with tne following characte 
duty cycle S 2%, 
Cc vee 


ca: ty © 1S 98, ty < IB As, Zoe * BON, ty = 20 me, 


forms are manitored an an orcoscope vith the following characte: 
lors must be noninductwe type 


C8: ty S15 8, Ay, 2 10 MM, Cin < 11.8 OF. 


E The d-c power supplies may require additions! bypassing in order to minimize ringing. 


FIGURE 1 


2-218 TEXAS INSTRUMENTS 


N-P-N DARLINGTON- 


TYPES TIP120, TIP121, TIP122 
CONNECTED SILICON POWER TRANSISTORS 


INDUCTIVE LOAD SWITCHING 


Veat= tov 


TEST CIRCUIT 


wy oe te Bore (Soe Noes A} 


cortecron '*~ 
CURRENT 

‘ 
Vaancea —T~ — 


COLLECTOR 
VOLTAGE 


VOLTAGE AND CURRENT WAVEFORMS 


NOTE A Input pulte wiath is ncressed unt ley 2 1 A. 
FIGURE 2 
TYPICAL CHARACTERISTICS 
STATIC FOMWAED CURRENT TRANSIER MATIO BASE LUATTER VOLTAGE 
“ “ 
COLLECTOR CURRENT CASS TEMPERATURE 
z 
i 
> 
0 
. 
i 
- veqray 
. Teele tens intt ' 
wn SY Bs. oy sete) as 2 
qe ory 7 ‘ r 190 “73-80-7380 BD MS D150 175 
1¢ Cotlecis Curtont =A Te Came Tomer ote -"C 
FIGURE 3 FIGURE 4 
SMALL S:CNAL COMMON CUITTER 
COLLECTOR CMITTERM SATURATION VOLTAGE FORWARD CLARINT TRANSFER RATIO 
“ « 
CASE TEMPLRATUAL FecQutncy 
> ¢ 
3 : 
: i 
s 
4 7 
3 z 
a 
: ; 
7 s 
€ 
: 3 
WOR ages eee es I 
2 } 
Sass S32 > 
Pont t-te ee z 
=1$-50--28 0 25 SO 7% 100175 180 U8 
Te -Cave Temparstre~"C 1=Feeguarer- Mets 
FIGURE & FIQURE 6 
NOTES: 6. These parameters munt ba measured using pulse techniques. tw ™ 300 ys, duty cycle < 2%, 


7. These parameters are measured with voliage-sansing contects seperete from the current-carrying contacts and located within 0.126 


Inch trom the device body. 
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2-219 


TYPES TIP120, TIP121, TIPI22 
N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUM COLEEC LOU CURRENT MAXIMUM COLLECTOR CURRENT 
we vs 
COLLECTOR EMELTEE VOUTAGE UNCLAMPED INDUCTIVE LOAD 


Vcc =20V 
Rep2 = 1002 


/ h 


| 
: 
- tot 


zi Trt: 0 AN 


med. fiz 


\¢-Maximum Collector Current-A 


4 7 ow 20 30,0 70100 «=©200)—400 1 2 4 710 20 40 70100 200 
Veet Coficetar Lovtter Voitage--V L--Unclamped Inductive Load-mH 
FIGURE? FIGURE 8 
Nore 


mae eo rege san. 


VEEL may De A treved Only when taitch.ng from saturalon to cutott ah e 


vey 


Wit ante cera os Aree San cot bees Gehine? 


THERMAL INFORMATION 


CASE TCNFERATURE FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


Rose $1 92° cw 


10 H}— —-- 


Pr- Maximum Continuous Device Dissipatron—W 


Py—Maximum Continuous Device Dissipation Ww 


Oo 2% $0 75 100 125 150 0 2 50 75 100 125 150 
Tc—Case Temperature—°C Ta—Free-Air Temperature—"C 
FIGURE 9 FIGURE 10 
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TAS INSTRUMENTS RESERVES TC RIGHT TO Mant CHANGES AT 
IM ORDIR TO IMPROVE OLSIGK AND TO SUPPLT THI BIST PROT 


TYPES TIPI25, TIP126, TIP127 
P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


DESIGNED FOR COMPLEMENTARY USE WITH TIP 120, TiP121, TIP122 


© 65 W at 25°C Case Temperature e Minhee of 1000 at3V,3A 
e 5A Rated Collector Current @ 50 mJ Reverse Energy Rating 
device schematic COLLECTOR 


EMITTER 
mechanical data 


THE COLLECTOR {S$ IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


cme ere mumonamety oF rr 
Chclekoe wre fom Once -13-- 

: tears enon seas 

tats scabe 


couureree 
wane. 


and aracey 


ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
TIP12S «=TIP126 =TIP127 


Collector-Base Voltage. . BEN a Set OMe ieicin Shee, tap 48g 2... -6OV -B0V -100V 
Collector-Emitter Voltage (See ‘Note 1 foe oie ae be MA te We cehig, a Due, eee leas -60V -80V -100V 
Emitter-Base Voltage . . Bradt Agent en pte les My ve Me ma sas 2. BV -5V -§V 
Continuous Collector Current Been Bot eke UR ain Tee Oa a ZaP a ca ids ala ._—— -5 Ae 
Peak Collector Current (See Note2) 2. 6 2 ee ee ee ee .. —~ -8 A-———eo 
Continuous Base Current 2 6 ww ——— -0.1 A ——+ 
Safe Operating Areas at (or below) 25° C Cate Temperature sie Mal Sat ta tok conccae nase — See Figures 7 and 8 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) ew 
Continuous Oevice Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) —— 2W —— 
Unclamped Inductive Load Energy (SeeNoteS) .... 1... 2-2 eee eee >—_ 50 ms —— 
Operating Collector Junction Temperature Range . 2 2. 1 1 ee et ee ee s— -65°C to 180°C —e 
Storage Temperature Rango 2 ww ww ee ee = -65°C to 150°C —e 
Lead Temperatura 1/8 Inch from Case for 10 Seconds | se La fo 260°C ——e 
NOTES: « These values apply when the base-emitter diode 1s open citculted, 


1 

2. This value appiles tor tw <0.3 ms, duty cycle < 10%. 

3. Derete linearty 10 150°C case temperature at the rate of 0.62 WC or rafer to Olasipation Derating Curve, Figure 9. 

4. Ocrete linearly to 190°C free-air temperature at the rave of 16 mw/C or refer to Dissipation Oerating Curve, Figure 10. 

5. This rating Is based on the cepabillty of the reralatora 10 operate safely In the clrcult of Figure 2, L = 100 mH; Agg? = 100 0, 
Vep2 70 V, As = 0.1.1. Vee = 20 V. Energy © Ic4L72. 


TEXAS INSTRUMENTS 2-221 


TYPES TIP125, TIP126, TIP127 
P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


TIP126 TIP127 
epeameikis shal eetlaste an ae A 
Y, Collector-E matter : mA. 0. Sanne 
= -30r . a 
(BRICEO Breakdown Voltage c Be 


Wee=-20Vg-0SSSC~dCiC‘ CS 
lego Colecror Cott Govremt [Veg = =AOV Ig di 
es ee 


Vee = —-50V. Ig°0 


[Yeas -60¥, teO eo 


'cB0 Cottector Cutoft Current Veg: —-80V. ig-0 
Vep- -100V. Ip -0 
lego Emuter Cutoff Current Vea? -5¥. Ic-0 


Stance Forward Current Vee" -3V. Ic + -0.5A 
nFE See Notes 6 and 7 


Transfer Ratio 
Vee Base Emitter Voltage Voce *-3V.  leo* -3A, See Notes 6 and? 
Collec 1or-Emitier Ige-12mA, Ie -3A 
Satcratvion Votiage 


VCE (sat) See Notes 6 and 7 


NOTES: 6. Theta parameters must be mestured us ng Datse techniques. 1, = JOO us, duty cycle S 2%. 
7. Thete parame) 


© Pess_red wth voltage tesung contacts separate from the cur 
«neh trom ihe device Dody 


nt carrying contacts and located within 0.425 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS! 
ton Turn-On Time Iee -3A, Igia)* 12 MA, gig) = 12 mA, 


loft TurnOll Time Vaetotn " 5¥. AL > 108, See Figura 1 


"Voltage and current values shown are Mo—i73! exact values vary Shghtly with Cromestor param: 


PARAMETER MEASUREMENT INFORMATION 


Nout 
VONITOR 


Outrur 
VONITOR 


OuTPUT 


Vasi= DV 
ADJUST FOR 
Ven * = IDV AT 
INPUT MONITOR 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. Vggn 's 0 30-V pulse (from 0 V) into 8 50-1) termination. 
B. The Vggq wavatorm it supplied by 8 generator with the following cheracterintice: t, < 15 as, ty S15 ns, Zoye * SOM, ty = 20m 
auty cycle S 2% 


We mMoniored On an Cacilloscops with the following characteristics: ty < 1S ns, Aig » 10MM, Cin 11.5 OF. 


c forms 
O Resstora must De noninductve typ 
€ 


The d-¢ power supplies may requ 


sdditional Bypessing in order to minimize ringing. 


FIGURE 1 
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TYPES TIPI25, TIP126, TIP127 
P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


INDUCTIVE LOAD SWITCHING 


=vesi-10V 6 


TEST CIRCUIT VOLTAGE AND CURRENT WAVEFORMS 
NOTE A; Input pulse wedth in Increased until lem = 1A. 
FIGURE 2 
TYPICAL CHARACTERISTICS 


STATIC FORWARO CURACNT TRANSFLA MATIC 


GaSe EVITTER LOLTAGE 


“ 
COLLECTOS CURPENT 


“ 
CASE TEwPERATUOE 


19000 2 
. (ecas-av 
. “2B Seetesimbas le ee ee oe 
f ra ; 

-24 gece, ae inte: tines, 


pet tee 


NOTES- 


7, Thess parame: 
inch feom tne dev 


<5 80 750 7 $0 FS oD 17h 1tO178 
Te- Case Temperature -°C 


FIGURES 


body. 


Vat -Gne Coutue Vonap -¥ 


; t 
3 ‘ 4 
7 1 
i De es 
ORG ee an 7 ‘| yy ee ee ere = 
" \00 - S accede ee sth I: Ds 
o4 a -2 ‘ -) -0 +H --0 BH SMT 10175 
Ig Cole ter Curren. & T¢- Com Tememeat se -"C 
FIGURE 3 FIGURE 4 
eal. UGK, Cowon twirl 
COLLECTOR FMITTC A GATURATION VOLTAGE FORWARD CURRENT TRANSFER RATIO 
om - 

‘ CASE TIMPERATUAL FREQUENCY 
» 
es ie 
3 

2 { 
§ Les 
3 
3-1 } ‘0 
far , 
¢ 7 
£ 
: sa} $. 
§ Nama. igs -3A2 
3 ter 2ea igs tA } : 
Th 
Ee ee ae a) oo 


1 Frequency - iar 


FIGURE 6 


6, These parameters must be measured using pulses techniques ty = 300 ys, duty cycle < 2%, 
are measured with vollage- sensing contacts seperate from the current carrying contacts and located within 0.125 


TEXAS INSTRUMENTS 


2-223 


TYPES TIP125, TIPI26, TIP127 


P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 

MAXIMUM COLLECTOA CURRENT 
vs 

COLLECTOR-EMITTER VOLTAGE 


See Note 8 4 


aa 


Tt T1P125 Sl | 


I¢~Maximum Collector Current—A 
a 


—4 -7-10 -20 -40 -100 -200 ~400 


VceE ~ Collector-Emitter Voltage—V 
FIGURE 7 


I¢~Maximum Collector Curren 


MAXIMUM COLLECTOR CURRENT 
vs 
UNCLAMPED INDUCTIVE LOAD 


x : 1] _I See Figure 2 


1 2 4 710 20 40 70100 20 
L—Unclamped Inductive Load~mH 
FIGURE 8 


NOTES: 8. These compnstions of man.mum voliage and current may be achieved only when switching from saturation to cutoff wh @ 


clamped inductive toad, 


9 Above this pornt the uae operating ares has not been delined. 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


Py—Maximum Continuous Device Dissipation-W 


te) 25 s0 75 100 «125-180 
Tc-Case Temperature-°C 


FIGURES 
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Py—Maximum Continuous Device Dissipation—W 


FAEE-AIR TEMPERATURE 
DISSIPATION DEAATING CURVE 


L 


Rasa <62.5°C/W 


0 25 50 75 100 «126 «(150 
Ta—Free-Air Temperature—"C 


FIGURE 10 


Th reread aime ae} 
or ceprerent that they . 
TETAS UNSTMUMENTS RESCHVES THE RIGHT TO MAKE GuAMGLS at AM 
IM OLOCE 10 (MPROYE DISIGN AMO TO SUPPLY THE efit Pengut? 


TYPES TIP140, TIPI41, TIP142 
N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


DESIGNED FOR COMPLEMENTARY USE WITH TIP 145, TIP 146, TIP 147 


e 125 W at 25°C Case Temperature e Minhee™e of 1000 a 4V,5A 
e 10-A Rated Collector Current e 100-mJ Reverse Energy Rating 
COLLECTOR 


device schematic 


mechanical data 


ALL OIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP14Q0 =TIPI41 TIP142 


Collector-Base Voltage . . . Dat 8 Scar” tale Sr aig Meta ete tas dat Waka, 3% psn 22 9 JOO 80Vv 100 V 
Collector-Emitter Voltage (See Note » BiWS, “acta eofat cave 4 anes 60V 80 V 100 V 
Emitter-Base Voltage. 6 6 1 ee SV 5Vv SV 
Continuous Collector Current 2. 1... we -——I0A 

Peak Collector Current (SeeNote2) 2... 2. we ——_ibA'——— 
Continuous Base Current 2 ww ee —— 05 A —— 


— See Figures 7 and 8—e 
— — 1258 Ww — 
—— 35 wW—— 


+———100 mJ ———+ 


Safe Operating Areas at (or below! 28° C Case Temperature 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) 
Continuous Devico Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 


Unclamped Inductive Load Energy (SeeNote5) .. . 2... a " 
Operating Collector Junction Temperature Range... ...-. — 65 C to 150°C — 
Storage Temperature Range 2. 2 ww ee ee o— -65 Cito 150°C —e 


Lead Temperature 1/8 Inch from Case for 10 Seconds ee >——- 260°C ———+ 


NOTES: 1, Those valuen apply whan the base-emitter diode Is open-circuited. 
- Thiet value applies for ty, © OJ ms, duty cycle < 10% 


1 

2 

3. Do nearly 10 150 'C case temperature at the rate of } W/"C or refar 10 Dismpation Dereting Curve, Figure 9. 
4 

5 


i nearly 10 150°C free or temperature at the rate of 28 MWC oF refer to Dusipation Deraiing Curve, Figure 10. 
. This rating ie based on the capabillty of the transistor tooperate safely in the ciecuit of Figure 2. L = 100 mH, Agg? = 100 8, 
Vpp2* OV. Ag = 012, Veg * 20 V. Energy * Ie 7/2. 


TEXAS INSTRUMENTS 2-225 


TYPES TIP140, TIP141, TIP142 
N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


[ tiPiao [| Tieiaa | trP1a 
atta estes! PR 
y Collector-Emitter P a lente aare 6 
(BRICEO Bresadown Voltage Co ene Bo. cools 


[Vee=30V. 1-9 Ls 
Iceo Collector Cutolt Current Vce740V. Ig | 2f | 


EE IS 
a 


Vea 60V. 1e70 


lego Collector Cutott Current 


tEBO Emitter Cutoff Current 


Static Forward Current 


Veer SV. 1-0 


Voce 4. To 5A 
Voces 4. To? 108 
Vee 4, to = 1OA, See Notes 6 and 7 


See Notes 6 and 7 


= 200 nt, auty cycle <2, 
30 tena =a contacts separate from the current carrying contacts end located within 0 125 


See Notes 6 and 7 


Transfer Ratio 


Vee Base-Emitter Voltage 


Coliector-Emitter 
VCE Ison) 


Saturation Vo!lage 


NOTES 6 These pare bm At be ease e: 
7, These paar sore messed at 
inch trom Ihe dev.ce bOIy 


Ds we tech 


> 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS* 


TurnOn Time Ig 1OA, Igi1y 7 40MA. 1g(2) = -40 mA, 
TurnOlt Time Vee(ott)" -4.2V. RL °e3n., See Figure 1 


TVottage and current values tho. are MOTT Onazt valves Vary SLQhUly wiih Lranssior paramelors 


PARAMETER MEASUREMENT INFORMATION 


OuTPUT 
------- 1 MONITOR 


Ay-3n 


OUTPUT 


Vapi: 4 

ADJUST FOR 
Von = 42 VAT 
INPUT MONITOR = 


TEST CIACUIT VOLTAGE WAVEFORMS 
NOTES: A. Vgen it 8 -30-V pulse (from 0 VI into 2 50 11 termination 
B. The Voen wavetorm 1s supplied by @ generator with the following chara: ates: 1, 158, ty S16 18, Zgu7 7 SON, ty 20 me 
duty cycle < 2%. 
C  Vievetorma are monitored On an Csculoscops wiih the following chavacterstcs t, S15 98, Ay, 2 10MM, Cin < 11.5 DF. 
DO. Retstors must be naninducive types 
E. Tred c power supplies may require sdaitonsl bypassing in order to minimis einging. 


FIGURE 1 
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TYPES TIPI40, TIP141, TIP142 
N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


INDUCTIVE LOAD SWITCHING 


—4 ponte * ) ee (fam Nye A) 


V@nictn “4-7 


VOLTAGE 
mv 
Vette) ~~ 
TEST CIRCUIT VOLTAGE AND CURRENT WAVEFORMS 
MOTE A: Input pulse width Is increasad until Ica * 1.42 A. 
FIGURE 2 
TYPICAL CHARACTERISTICS 
STATIC FORWARD CURAENT 
TRANSFER RATIO OAM A MCTTER VOR TAGE 
* oy 
COLLECTOR CUAAENT CASE TEMPE MATURE 

@ 5 
‘ 30 | See mame 8 ong 7 + + 
a > rae 
t i 

3 

5 

t 

s 
i i 
: . 
i 3 
3 $ 
» 
* ° 

“40-0 Bw wWIB IAIN 
TC Com Tomecer nre—"C 
FIGURE 3 FIGURE 4 
BALL EAGRAL COMMON EMITTER 
COLLECTO® CMI TTER SATURATION VOLTAGE FORWARD CURRENT TRANSFER RATIO 
* 


“ 
CASE TEMPERATURE FALQUENCY 


. 


Dig Sees Sagrad Forward Carrera Traut Aste 


VCC tur) -Conwctor I matter Seturson WoRage-V¥ 


16-80-78 0 7 BO 7S 10D 176 180178 
Te Coe Temperature =" 


FIGURE 6 


FIGURE B 


NOTES: G. Thess parameters must be mestured using pulse techniques ty © 300 ws, duty cycle < 2%. 


7, These parameters are measured with voltage-sensing contects separate from the current-carrying contacts end loceted within 0.125 


inch trom the device body. 
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TYPES TIP140, TIP141, TIP142 
N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUM COLLECTOR CURRENT MAXiMUM COLLECTOR CURRENT 
vs vs 
COLLECTOR-EMITTER VOLTAGE UNCLAMPED INDUCTIVE LOAD 


D-C Operation 


l¢—Maximum Collector Current—A 
I¢-Maximum Collector Current-A 


See Note 8 
“10 20 40 70 100 200 400 0.4 1 4 10 40 100 400 
Vee -Collector-Emitter Voltage—V L-Unclamped Inductive Load--mH 
FIGURE 7 FIGURE 8 


OTE B Above this paint Ine ute Operating area Das Mot Deen Uetined 


THERMAL INFORMATION 


CASE TEMPERATURE FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 
# 150 2 
c I 
8 125 a 
P 3 
fo} 
o 
& 100 3 
A 5 
S fa) 
3 75 3 
é : 
5 < 
6 50 8 
g E 
2 
Ex é 
& 7 
7 
£0 r 
0 2 50 75 100 125 150 0 2% 50 75 100 125 150 
Tc—Case Temperature-°C Ta—Free-Air Temperature—°C 
FIGURE 9 FIGURE 10 
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TETAS INSTAUMENTS AESERVES THE RIGHT TO MAKC CHANCES Af ANT 
(WH ORDER TO IMPROVE OISICR AND TO SUPPLY THI BEST PRODUCT POT 


TYPES TIPI45, TIPI46, TIP147 
P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


DESIGNED FOR COMPLEMENTARY USE WITH TIP 140, TIP 141, TIP142 


e 125 W at 25°C Case Temperatura e Minhre of 1000 at4V,5A 
@ 10-A Rated Collector Current e 100 mJ Reverse Energy Rating 
COLLECTOR 
device schematic —— 
c 7 


mechanical data 


AU Omens £00 me mc 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
TIP14S =TIP146 = TIP147 


Collector-Base Voltage. . teed, a Te eh eek alee aes ok va ow -60V -80V -100V 
Collector-Emitter Voltage (See ‘Note 1) fare Koren Ne Gee Bes SOR cer “ES te . 2... -60V ~-80V -100V 
Emitter-Base Voltage. aoe ke ee ee we Vv -5V -5V 
Continuous Collector Current 2 wwe et tee O10 A 
Peak Collector Current (See Note 2) 2... ee ee —— -15 A———+ 
Continuous Base Current . Bose seis Bm Sg ee AO hia Boe 3 Su a 654, oo — -0.5 A———> 
Safe Operating Areas at (or below) 25° C Case Temperature oe Ny AAR, ne ies eo See Figures 7 and 8 
Continuous Device Dissipation at (or below) 25°C Case Temperature {See Note oe 2. 125 W— 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) ——35 W 
Unclamped Inductive Load Energy (SeeNote6) 2... 2 ee ee ees ——]0 mJ ~———+ 
Operating Collector Junction Temperature Range... 2 2-0 eee — -65 C to 150 C—+ 


Storage Temperature Ranga. ww + _-65°C to 160°C — 


Lead Temperature 1/8 Inch from Cose tor 10 Seconds fyi PN tee ONE ye —— 260 C ——+ 
NOTES: 1. These values apply when the base-emitter diode {1 open-circulted. 
a piles for ty, < 0.9 ms,duty < 
3. ly 10 150°C care lon Derating Curve, Figure 9. 
4 nearly to 180°C tree of 28 mw/°C or rater salpetion Darating Curve, Figure 10, 
5. ating lp bated on the capability of ihe re to operate asfely in the circuit of Figure 2. L © 100 mH, Agg? = 100 N. 


Vao2 7 OV, Ag = 0.1 2, Veg = 20 V. Energy ua, 


a a i. i 
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TYPES TIPH45, TIPI46, TIP147 
P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


a eel eel 


Collector-Emitter 


V(BRICEO 


low -30mS, 1g = 8, See Note6 
Breakdown Vo'tage c “.  '8 — 


Vce* —30V. Ig +0 
IcEO Coltector Cutoff Current Veer -40V. Ip=0 
Vce*-50V. Ig*0 
Veg* -60V. Ig +0 
iTel-Yo) Cottector Cutott Current 


leEBO Em tter Cutoff Current 
Stanc Forward Current 
Transfer Ratio 

Vee Base Emitter Voitage 
Coltector-Emitier 


VCE (sat) 


Saturation Vo!tage 


NOTES: 6. These paren 
7 These pe 


must be 


BSTOD Og Ouse techNiQues. tL, © 300 us, duty cycie & Ih 
ed with vO tage Mene'—g CONtacts seperate from the current-carrying contacts and loceted within 0.125 


Inch from Ine gev.ce DoSy 


switching characteristics at 25°C case temperature 


Ion 104, ‘ain * -40mA,  1gi2) > 40 mA, 
Vain *42V, RL *3N, See Figure 1 


‘Voltage and current values shown ere nominal; exact velcen vary slightiy with Irensisior parameters, 


PARAMETER MEASUREMENT INFORMATION 


:NoUT 
MONITOR 
OuTeur 


MONITOR 


2Ne120 


e148 IND Ta INDIA 


l 

' 

! 

l 

' 

‘ ‘ 
aU-an ant be — ott —o} 

oon 


I 
1 
ouTPpuT q 
10% 
vec* Ov 

Vane ay 

AOJUET FOR 

Ven= -Q VAT 

INPUT MONITOR = 

TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. Vogn 118 30-V pulse [trom 0 V) into & 50-£ terminat on. 
B. The Voge, waveform is supplied by s generator with the following characteristics: 1, © 16 na, ty © 16 ne, Zguy > 60 1. ty, = 20 Me. 
duly cycle S 2% 
C. Waveforms are monitored on en oscilloscope with the following characteristics: tp < 16 90, Ain 2 10 MN, Cin S 11.6 DF. 
O. Rasiators must be noninguctive typ: 
E, Tne d-c power suppiles may require additional bypassing In order to minimize ringing. 


FIGURE t 
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TYPES TIP145, TIP146, TIP147 
P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


INDUCTIVE LOAD SWITCHING 


(9) Vee MONITOR 


Veaie tov¢9 


TEST CIRCUIT 
TaDat pulae width is inceeased until tony * 1.42 A. 


FIQURE 2 
TYPICAL CHARACTERISTICS 


STATIC FORWAAD CURRENT TRANSFER MATIO 
“ 
COLLECTOR CUAAENT 


-40 


eTite= 100°C 
a eees 


Vat Ga fetes Voluye V 


Vere -4¥ 
Sao rote 6 ond P 


-07-1 -2 
IC -Covetor Cotrent~& 
FIGURE 3 


COLLECTOR EMITTER SATURATION VOLTAGE 
" 
CASE TEMPERATURE 


! 


hg =10ma, 1-64 | 


Drie) Small Sagnet Fermerd Ouvers Irerabe Reto 


-04 
78-20-28 0 26 60 76 100 128 160 176 


Vel ey Colterte Comrer Setursten Votuge ¥ 


FIGURE 6 


must be meseured uning pulse techalques. ty * 300 Hs, duty cycle < 2%. 


Inch from ice body. 


TEXAS INSTRUMENTS 


° 
courctor 


te te Te ‘ha Note AD 


CURRENT 


Musctoa 
vourace 


¥.an.coa 


VOLTAGE AND CURRENT WAVEFORMS 


BASE EVITTE® VOLTAGE 
« 
CASE TEUPL MATURE 


voee ay ! ‘ 


-26F seu Now dra? RTT 


-78 60-7 0 7% 8 E100 178180178 


Te-Com Tem caret ere"C 
FIGURE 4 


SMALL EGHAL COMUON Eu 
FORWARD CUMPENT TRANSFER 


« 
FREQUENCY 


fPreqorcy “Ver 


FIGURE 6 


re measured with voltage-sensing contacts separate from tha current-carrying contecis 6nd located within 0.125 
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TYPES TIP145, TIP146, TIP147 
P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT 
vs vs 
COLLECTOR-EMITTER VOLTAGE UNCLAMPED INOUCTIVE LOAD 
-40 ; 
ah la | Vee = 20V 
s iy, ; | | Rap2= 1002 
< : itt L_! Te = 28°C 
i 1 -20 a c 
E € a : | See Figure 2 
tS = hit 
3 5 ING | | i 
< 2 -10 am ; : 
So 6 + 
8 g -7 
& 8 
E € -4 
é e 
5 x 
= = 
b be a 
See Note 8 
-1 i tl { 
-10 -20 -40 -100 -200 -400 0.4 1 4 10 40 =100 400 
VcE—Collector-Emitter Voltage—V L-Unclamped Inductive Load—mH 
FIGURE 7 FIGURE 8 


OTE G Above this point the asfe operat.ng aves has not been detined 


THERMAL INFORMATION 


CASE TEMPERATURE FREE-AIR TEMPERATURE 


DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 
; 2 al ae 
4 I 
s 5 
2 8 35 
a a 
a 3 3 
o a o 
3 3 Rosa S 35.7 CW 
& 3 2.5 
a a 
2 3 2 
2 o 
c 3 
£ é 
5 z 15 
LS) 
§ E 1 
3 2 
5 z 0s 
7 = 
c & 0 
0 2 SO 75 100 125 150 0 25 SO 75 100 125 150 
Tc—Case Temperature-°C Ta—Free-Air Temperature—°C 
FIGURE 9 FIGURE 10 
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TUCAS INSTRUMENTS RESERVES THE RIGHT 10 MAKE CHANGLS AT Any UW 
IN OLOIN 10 IMPROVE DESIGN AND 19 SUPPLY THE OCT PRODUCT POLEE 


TYPES TIPS01, TIP502 
N-P-N SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N3719, 2N3720 
@ Max toff of O.4usatic=1A 
© 3A Rated Continuous Collector Currant 
© 6 Watts at 25°C Case Temperature 
e Min fy of 60 MHz at 10V,05A 


mechanical data 


THE COLLECTOR JS IN ELECTRICAL CONTACT WITH THE CASE 


2-Gall 


0260 
0240 Ladhaged 0.210 1- ANODE 
TEMPERATURE | O79g 
— MEAS. POINT 
0.370 if : 


0.970 9335 
1 
9389 ois Bia 


1_t—\— 


0.100 MIN Pay 3 bans 


0.123 


DETAILS OF OUTLINE IN—~ 
THIS TONE OPTIONAL 


SON bia IMENSIONS 
JON! tT 
searing 9.016 emer rit ate 


IN INCHES 
PLANE 1+CATHOOE UNLESS OTHERWISE 
SECO 


ALL JEDEC TO-39 DIMENSIONS AND NOTES ARE APPLICABLE 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
TIP501 TIP502 


Collector-Base Voltage . . . EP ws io mdi Bouopctee ace see iden oe Ag oe, od 40V 60V 
Collector-Emitter Voltage (See Note 1) eh kN ae Foy ted. wear fe espe ooh pe rae Th ek oe ee, Pais tw 40V 60V 
Emitter-Base Voltage 2. 6. 1 2 RE Sie 4Vv av 
Continuous Collector Current ww ww - 2. oT IJA— 
Peak Collector Current (See Note2}) .... 2.22.00 00% ag ee NN Bo ewe . o— 10A—e 
Continuous Base Current. . be a eo ee OR eS ie OS A 
Safe Operating Areas at (or below) 25° c Caso Temperature Sethe Taye eee Ge Se . . « See Figures 3 and 4 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note J 2... 2. oo 6W 
Continuous Device Dissipation at (or betow) 25°C Free-Air Temperature (See Note 4) tee. ow 
Operating Collector Junction Temperature Range - 2. 2 ee ee ~65°C to 200°C 
Storage Temperature Range. 2 1. 1 es 65°C to 200°C 
Lead Temperature 1/16 Inch from Cose tor 10 Seconds er SFE BE cas ca lee 2 — 300°C —> 
*OTES: 


1. Trees values apply when the base-emitter diode Ip open-circulted. 

2. This value applian for t,, < 0.5 ms, duty cycle S 10%. 

3. Derata Iinsarty to 200°C case temperature at the rate of 34.3 mW/C oF refer to Dissipation Osrating Curve, Figure 5. 

4. Dorate linearly to 200°C treealr temperature a1 the rate of 8.71 mW/C or refer 10 Dissipation Dereting Curve, Figure 6, 


a ES 
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TYPES TIPS5S0O1, TIP502 
N-P-N SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
Collector-E mutter 
lor A. Ig= 
ViBRICEO Breakdown Voltage c= 20 mA. B70. 


Vee 40V. Vee*—2V 

Collector Cutott 

Current : Vee 2-2. Tes 150°C 
Vce = GOV, Vee "—2¥. To~ 150C 

Collector Cutoff Veg 40V. 1g = 0 

Current Voa = Gov. Ig 20 


\ Emimer Cutott G au 5 
baheied Current eB *c” 


Static Forward 


Current Trenster 26 180 | 2-2 


Ig = 100 mA, 
Te * -40°C to 100°C 


'cev 


'cBO 


Base-E mitter Voliege 


To -40°C to 100°C 

1g = 100 mA ier tA, 
Collector-Em.tter = [Te © —40°C to 100°C 
Saturation Voltage jig = 300 m4. Ie e3Aa, 

Te 2 -30°C to 100°C 


VcEtuu 


Smait-Signa’ 
Common Emitter 
Forward Current 
Transter Ratio 
Common Baw 
OpenCircuit ; te <0, #100 kHrto 1 MHr 
Output Cepacitance 

Common Base 


OperCircuit . 0, f= 100 kHz to 1 MHz 
Input Capecitence 


1¢ 205A, f= 30MHr 


meters must De me 


ed veg Doles tecnniques. t,, = JOO us, Guly cycle < 2%, 
4600 weth vO. tage sensing contacts seperete from the current-carrying contects and located within 0.198 


meter 
Inch trom the dev-ce pody 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS? 


ton Turn-On Tice : igi) 7 OTA, Veeton * -4Y. 


See Figural 


i “0. e- 
Turn-Off Time . Bi 701A, 1g(2) 7 -0.1A, 
SeeFigure2 


TVoliage and currant veluee shown ave mominal: enect veiues very slightly with transistor perame' 
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TYPES TIPSO1, TIP5SO2 
N-P-N SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


H12V 


OUTPUT i a ape 
100.9 -év 7 


INPUT 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1—-TUAN-ON TIME 
412V 
129 
OUTPUT 
1009 
INPUT 

1N916 

-av 

TEST CIRCUIT 


VOLTAGE WAVEFORMS 


PIQURE 2-TURN-OFF TIME 


NOTES: a, Tne Input waveforms are supplied by 8 generator with tne following charactertetica: t, < 10 ne, 17< 1048, Zour 80M, 
Ww 7 10 wa, duty cycle < 2%. 


Waveforma are monitored on an oscilloscope with the following characterlutics: tp <8 ne, Aj, > 10 kA. Cin © 11.8 DF. 
« Resistore must be noninduotive types. 


The d-c power aupplies may require sdaltions! bypassing In order to minimize ringing. 


a a D 


TEXAS INSTRUMENTS 2-235 


TYPES TIP5O1, TIPSO2 
N-P-N SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


TIPSO4 TIP502 
100 ——_—__ 7 


Te < 25°C _—— 
40 f See Note 7 
1 1 
< < «(10 
1 Bs 
5 s 4 
3 se 
2 2 04 
§ § 
m4 2 01 
0.01 
0 5 10 15 20 25 30 35 40 45 50 0 10 20 30 40 50 60 70 80 
VcE—Collector-Emitter Voltage—V VcE—Collector-Emittor Voltage—V 
FIGURE 3 FIGURE 4 


NOTE 7. Areas defined Dy dashes Ines apoly for nonrepetitive-pulse operation. The pulse may be repeated after the device has regeined 
thermal eayilipr.ym. 


THERMAL INFORMATION 


CASE TEMPERATURE FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


P7—Maximum Continuous Device Dissipation-W 


P7—Maximum Continuous Device Dissipation-W 


0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 160 175 200 
Tc-Case Temperature—°C Ta—Free-Air Temperature—°C 


FIGURE 5 FIGURE 6 


TH tenner ouseme ony teipenuibilty for aay cirtvihy News 


2-236 TEXAS INSTRUMENTS ai cepoteot that hep. ate ee: thom_ patent arfosyeeesl 


TEAS INSTRUMENTS AUSERVES THE RIGHT TO MAKE CKANGES AT 
IN ORDER 10 IMPROVE DISIGN AND [9 SUPPLY THf OLST PRODUCT 


TYPES TIP503 THRU TIPSOG 
N-P-N SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 


¢ 120 V and 150 V Min VipR}CEO 

e 2-A Rated Continuous Collector Current 
@ 20 Watts at 100°C Case Temperature 

@ Min fT of 70 MHz at5 V,0.25A 


mechanical data 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


_ttawan BETSC Hane pies 


a ree 
ieee i — \It 


. 
td ite as 


ALL DIMENSIONS ARE IN INCHES 
ALL JEDEC TO 66 DIMENSIONS ANO NOTES ARE APPLICABLE 


ALL JEOLC 10.59 DIMENSIONS AND NOTES ARE APPLICABLE 
» Within this dimannon, case diameter may vary. 
ect {0 hexagon it not controtias, 
@ measured anywhere on the ssating olane within 


» Position at 1re¢eminats with 


» Tre case temperature may 
0,125 Inch of the stud. 
- All dimansions are In Inches untess otherwise specified. 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIPSO3 = TIPSO4 

TIPSOS = TIPSOG 
Collector.Base Voltage. . tacked cenit oR san ote Sek ama yene eee A aS des psa Be 130 V 160 V 
Collector-Emitter Voltage (See Note yy EAMG NSS beets Et pda te Bee Sai NR a ge 120 V 150 V 
Emitter-Base Voltage 2 6 1. es Sob BV 6V 
Continuous Collector Current 6 ww ee + 2A—+ 
Peak Collector Current (See Note2) . 2... ee -——S5A— 
Continuous ase Current 2 | 2 ee 1 Aa 


Continuous Device Dissipation at (or below) 190° C Case Temperature ‘(See ‘Note 3)  20W— 
oa 2W— 


Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) z 5 
Operating Collector Junction Temperature Rangs . 1... . . wee ee ee ee GSC C0 200°C 
Storage Temperature Rango . . eye ee i ee ee ee ee 65°C to 200°C 
Lead or Terminal Temperature 1/16 Inch trom Case for 10 Seconds dusk Vekepee — 300°C —~ 


NOTES: 1. Thete values apply when the base-emitter diode it opan-circulted. 


1 
2. Thi @ applios for ty S 0.3 ms, duty cy Ow. 

2. O inparly to 200°C case lemparature at the rate of 0.2 WC, 

4, Derate linearly 190 200°C free alr temparature at the fate of 11.4 mW C. 


ED 


TEXAS INSTRUMENTS 2-237 


TYPES TIP503 THRU TIPS06 
N-P-N SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


TIPSO3 
PARAMETER TEST CONDITIONS TIPSOS 


TIPEO4 
TIPBOE 
[MIN MAX] 


ViBRICEO Collector-Emitter Breakdown Voltage le=30mA, Ig 20. See Nore 5 


' Collector Cutoff C t Veen COV. lg = 0 
\ ran 
CeO ec utotf Curre! Vee=75V. 1g>0 


I Collector Cutotf Current Vce = 150V. Vee = 0 
at 
ces baleen Vees6CV. Vege 0, Te 150°C 
Vce-75V. Vee-0,Te* 150°C 


lEBO Emimer Cutoff Current 


Vee-4V. Ic 1A, 
Vees av. ice2A, 


VBE Gem E miner Voltage Vcer4sv. ice 2a, 


VecElee Collector-Eenitter Saturation Vo'tage 


Static Forward Current Trancfer Reto 


Ig20.2A, Ic=#2A, See Notes 5 and 6 
malt ! CommorE 
Small-Signa! Common E mittar Vee =8V. Ig = 260 mA, t= 1 kHr 
Forward Current Transter Asz0 
Smatl-Signal Common Emitter 


h 
tol Forward Current Transter Ratio 


Ncer6V. te= 250mA, f° 10MHr 


6. These param 19 MeaBsted with voltage. 


inch from the dev.ce boay. 


thermal characteristics 


Reuc Junction-10-Case Thermal Assistance 


Rosa Junctiomto-FreeAir Thermal Resistance 


a a PC SI 
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VEKAS (NATRUMINTS RESEAYES THE RIGHT TO MAKC CHANGLS AT 
IM ORDA 10 IMPROVE DISICH AMD TO SUPPLY THE BEST PRODUCT 


TYPES TIPSO7, TIP5O8 
P-N-P SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
© 150 V Min ViBR}CEO : 
@ 2-A Rated Continuous Collector Current 
© 20 Watts at 100°C Case Temperature (TIP5O7) 
e 4 Watts at 100°C Case Temperature (T{P508) 
© Min ft of 5S0MHzat5V,0.2A 


mechanical deta 


ALL TERMINALS ARE INSULATED FROM THE CASE 


' lees ane 
met naman = mye - 
me 


= : 
— : te fl oy 
we: a 
; Ka | 


cn 
a 


ALL JEDEC TO.89 DIMENSIONS AND NOTES ARE APPLICABLE 
» WiInIn INI dimension, case dlameter mey vary. 


1 Position of terminals with pect to Mhanegon Is not controlled. 

. The case tempersture may be massured anywhere on the seating plane within 
0.128 Inch of the stug, 

+ Al dimensions ere in inches unless oiherwise specified. 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


Hi—-——-— es 4 


yer | 
| 


en ts 


ALL JEDEC T0-39 DIMENSIONS ANO NOTES ARE APPLICABLE 


absolute maximum ratings at 26°C case temperature (unless otherwise noted) 
TIP607 TIPBOS 
 —150 V—e 


Collector-Base Voltage 


Collector-Emitter Voltage (See Note 1) 2. 2. 1 ee ee a —-160 V—e 
Emitter-Basa Voltage 2... 1 ee eee east thas oS igre teak, eoteAee ABest Bods Hvac oa -6 V—~ 
Continuous Collector Current 2 ww we a -2 A—e 
Paak Collector Current (SeeNote2) . 2... ee ee «a -3 A—o 
Continuous Base Current Ba tee, fh Mae dose Gini ias ate oer Farhan tay Moree eka Ale ot teh ear adh ge: a -0.6 A—o 
Safe Operating Area at (or below) 100°C Case Temperature. . 2 2 2-1 Sree eee See Figure 1 
Continuous Device Dissipation at {or below) 100°C Case Temperature (See Note3) . . . . . 20 W aw 
Continuous Device Dissipation at (or below) 26°C Free-Alr Temperature (See Note4) . . . . aw 1 W 
Operating Collector Junction Temperature Range... 1. - ie Neo be eS -65°C to 200°C 
Storage Temperature Range. ww ~65°C to 200°C 
Lesd or Tarmina! Temperature 1/16 Inch from Case for 10 Seconds... - 2 - eee 3100 C—— 


NOTES: 1, Thle value applies when the base-emitter diode Is opsen-circulted. 


2. This value applies tor tw < 0.3 ma, duty cycle < 10%. 
3, Derate linearly 10 200°C case temperature at the rate of 200 mW/°C for TIPEO7 and 40 mW/C for TIPSOS, 


4. Derete linearly 10 200°C free-air temperature ot the rate of 11.4 mW/C for TIPBO7 and 8,7 mW/C for TIPBOB, 


a a a TA 


TEXAS INSTRUMENTS 2-239 


TYPES TIPSO7, TIP508 
P-N-P SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS [MIN MAX | 


VipRICEO Collector-Emitter Breakdown Voltage Ie@*-JOMA, Ig *0. See Nowe S 
IcEO Collector Cutotf Current Vce*-75V, ip <0 
IcES Collector Cutott Current ~ce 75v We r T 1s0°C 
CE" - pe~ 0. c° 
lEBO Emitter Cutoff Current EB £ 
Veg 


Vcer -4V. Ics -1A, See Notes 5 and 6 
Vee —4V. Ie=-2A, See Notes 5 and 6 
VeE Base-Emitter Voltage | Vee--4V. Ice -2A. See Notes 5 ond 6 


Ig 2 —-O.1A, I¢=-1A, See Notes 5 and6é 
VeElsat) —- Collector-Emutter Saturawon Voltage 
Ig* -O.4A4, Ie= -2A, See Notes S and 6 


Small-Signal Commor-E mutter 
hie 


hee Static Forward Current Transter Ratio 


Sv, t¢=0 Pont] 


Vv «-S5V. Wee -O.2A, f= ke. 
Forward Current Transter Ratio | ce 5 Crk 5 


. | Smal-Signal Common Emitter y SV. i O24, t*SMH 
--SV. — . te z 
Pte Forward Current Transter Rata ce c 


NOTES: 5. These parameters must De measures ut ng Oulee techniques. ty ~ JOO us. duty cycle < 2% 


5. These peremele’s are meassfes wilh voltage sensing contacts separate from the current carrying contects and tocated within 0.5275 
inch from the dev.ce body. 


thermal characteristics 


TIPSO? TIP 
= ra 


Rose Junction 10-Care Thermal Ressance 
Rosa dunction-to-FreeAir Therma’ Resstance 


MAXIMUM SAFE OPERATING AREA 


MAXIMUM COLLECTOR CURRENT 


10 vs COLLECTOR-EMITTER VOL TAGE 


7 ee To < 100°C 
4 r O-C Operation 


-0.07 FS 
—0.04 


I¢—Maximum Collector Current-A 


-0.02 


-0.01 
-1 -4 -10 -100 —1000 


VcE-Collector-Emitter Voltage—V 
FIGURE 1 
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TETAS INSTRUMENTS AISERVLE THE RIGRT TO MATE CHANG(S AT SAT 
IW ROLE TO IMPROVE DESIGN AND TO SUPPLY THE BIST PROOULT Po 


TYPES TIP509 THRU TIPS12 
N-P-N SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 


© 120 V and 150 V Min ViBR)CEO 

e 4-A Rated Continuous Collector Current 

© 30 Watts at 100°C Case Temperature 

¢ Min f7 of 70 MHz at5V,05A 
mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 
ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
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ALL DIMENSIONS ARE IN INCHES 


Tipeig ALL TERMINALS ARE ELECTRICALLY INSULATED FROM THE CASE 


Py ALL JEOEC TO-6! DIMENSIONS 
4:19 = ANO NOTES ARE APPLICABLE 


CASE TEMPERATURE MEASURE. 
MENT POINT 18 UNDERSIDE OF 
PLAT BURFACE WITHIN 0.125" 
PROM STUD 


ALL OIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIPSOS = TIP510 

TIP511—- TIPS12 
Collector-Base Voltage. . ef Ga hit ee ctee oe PE eB ss OG 130 V 160 V 
Collector-Emitter Voltage (See Note 1) eS Be ShiicR Ae “Baselser ve’ ae. Fee cb er lero dad vee 120 V 150 V 
Emitter-Base Voltage 2. 2 1. we ee aR Ge te te 6V 6V 
Continuous Collector Current 6. we ee re oo 2 re 
Peak Collector Current (See Note2) 2. 0 2 2 ee ee ee Oe BA 
Continuous Base Current 2 2 wwe aes as . +—2A—+ 
Continuous Device Dissipation at (or below) 100 *'c Case Temperature (See Note 3) Paes earner —DW— 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note4) . . . . a 4W 

-65°C to 200°C 


Operating Collector Junction Temperature Range . 2 2. 
Storage Temperature Range i etla 1e Cay San. Sapien gab Wei, see las a So ia ae oe 
Terminal Temperature 1/16 Inch from Case for 10 Seconds ong Sas Men ey ees 


OTES 


-65°C to 200°C 
— 200°C—> 


Thess values apply when the bate emitter dlods Ja open-circulted. 
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TEXAS INSTRUMENTS 2-241 


TYPES TIPSOS THRU TIP512 
N-P-N SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


Psoo TIPS10 
PARAMETER TEST CONDITIONS Psi1 TIPS12 


VIBRICEO Collector-Emutter Breakdown Voltage Ie 2 30mA, Ipe 0 See Noe § 
Vce* 60V, Ip 0 
Vce- 78V. ig 0 
Vee - 120V, Vpe=0 
Ices Collector Cutofl Current — SOV. st ° T, 150°C 
CE * ~_ Vee 7% c* 


Voce’ ?5V. Vee0. To 150C 


ICEO Collector Cutoff Current 


Vv e Jv. Ic 70 
Eisinte Coicll Cusieas 


‘Eo 


Veer 4V. Ic=2A, See NotetSandG| 40 200 
Voce e4Y, Ie = 4A, See Notes 5 and & 


Ig 204A, Ic = 4A, See Notes S and G 


hee Static Forward Current Trance: Rania 


VeE(un Collector Emater Saturat-on Voitoge 


k Small Signs! Common E matter Vv 5V i O5A eerie 
-5V, * 0.54, - t 
te Forward Current Transfer Ra1.0 ce ¢ 


Smail-Sigra! Common-E mitter 


Me Vce75V. ic O5A, f= 1OMHz 


> 
So 
NY 
8 


Formard Current Transter Roto 


NOTCS 5. These parameters mist be meatured useg pulse techa.ques. ty, © 300 ws, duly cycle & 2% 
6, These parameters are meatured v-1m vortage tengng contacts seperate from the current carrying contacts and located within 0,125 
inch from the dev ce body 


thermal characteristics 


PARAMETER 


Rage Junction 10-Caw Thermal Rezstarce 


Rajya Jenction 10-Free. Aw Therma! Reustance 


TS 


2-242 TEXAS INSTRUMENTS 


JETAS INSTRUMENTS RESERVES THE RIGHT TO MALT CHANLES AT 
IW ORO[E TO IMPROVE OLSIGN AND 10 SUPPLY THE B{ST PRORA! 


TYPES TIP513, TIPS14 
P-N-P SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
e 150 V Min VigR)CcEO 
e 5-A Rated Continuous Collector Current 
© 30 Watts at 100°C Case Temperature (TIP513) 
© 20 Watts at 100°C Case Temperature (TIP514) 


@ Min fT of 40 MHz at5V,05A 
mechanical data 


ALL TERMINALS ARE INSULATED FROM THE CASE 


wtaianin mew aas emma ey 


oars ore ee ‘aa0 8 
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ALL JEDEC TO-59 DIMENSIONS AND NOTES ARE APPLICABLE 
. Within inis dimension, case diameter may vary. 


« Position of terminals with respect to haxagon i¢ mot controlled. 

. The Case temperature may be massuted anywhere on the seating plane within 
0,126 inch of the aud, 

» All dimensions are in inches unless olnerwise specified. 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


ermamae Mato rant. 


Guia) 


ALL OIMENSIONS ARE IN INCHES 
ALL JEDEC TO.66 DIMENSIONS AND NOTES ARE APPLICABLE 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIPS13 « -TIPS14 
Collector-Base Voltage . Sol tam al SS NS” eho ti ham aby SRE Nora Ie! NOT aA does Aad Ge a -150 V—e 
Collector-Emitter Voltage {See Note 1) aha eae a ela ae We Se ee ee ee te ae o— -150 V—» 
Emitter-Base Voltage 2 6. ao -5V-—— 
Continuous Collector Current 2. 2 1 1 ww ee ee ee oa -6A—+ 
Peak Collector Current (SeaNote2) 2... . ee ee —-75A— 
Continuous Base Current ee eee xcce, Oa e MS ES! ee ee BE Lees a -2A— 
Safe Operating Area at (or below) 100° c Case Temperature Oia Sele he ta, Marsa GENO See Figure 1 
Continuous Device Dissipation at (or below) 100°C Case Temperature (SeeNote3) . ... . 3OW 20W 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (Sea Note 4)... . 2w 2W 
Operating Collector Junction Temperature Range 2 2-6 ee ee et -65°C to 200°C 
Storage Temperature Range www ee ~65°C to 200°C 
Lead or Terminal Temperature 1/16 Inch trom Cae for 10Seqonds . . - 7 ee ee ee + 300°C —> 
NOTES: 1. This applias when the base-emitter diode Is open-circulied. 

2. Tn jue applies for ty <0. m cycle < 10%. 

J. Derate tinearly to 200°C case temperature at the rate of 0.3 W/C for TIPB13 end 0.2 W/C for TIPS14, 

4 Derate tinsarly to 200°C free-air temparsture at the rate of 11.4 mW/C. 


See ee ee a 


TEXAS INSTRUMENTS 2-243 


TYPES TIPS13, TIP514 
P-N-P SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
VipRiCceO Collector-E mitter Breakdown Voltage leu ~30mA, Ig =, See Note 5 
Iceo Collector Cutoff Current Vee -75V. tg20 


Vce- -150V. Vee - 0 


Vce*-78V. Vee - 0. To= 150 C 


Vea *-2.5V. len 
lEBO Emitier Cutotf Current £8 Ed cre 
Vep--SV. Ic-0 


FE Static Forward Current Transter Ratio cE See Noves:8 ep 
Voce * -4V. te: -SA, SeeNotesSand6 | 15 | 


Ices Collector Cutoff Current 


by 
VBE Bex Emitter Voliage Vce* -4V, I¢* -SA, See Notes 5 and 6 


Ig*-O25A, I¢=-2.5A, N 
VcEtaat) —- Colllector-E mutter Saturation Voltage Be cn =28 See Notes Sens © 
ig=-O5A. les -SA,  SeeNotes5 and6 


Small-Signal CommorE mitter vy, sv. ; ORAY eatce 
Forward Current Tronster Ratio Cen Cre ° a 


8 
te 
hel Small-Segnal CommorE mutter \ ev F ee iceuk 

te Forward Current Transfer Ratio ce » te : Z 


NOTES: 


S. These parameters must be measured uiing pulse Techniques. 1, - 300 ys, duly cycle & 2%. 


6. These parameters are meassred wilh collage sent.ng contacts separate from the current carryeng contacts ond jocated within 0.125 
inch from the device body 


thermal characteristics 


PARAMETER [riesra fries | ur 
[wax [ max_| 


Rese Juncion 10-Case Thermal Rewstance [ aa9 | 5 | 
Rosa Junction-to-Free Aw Thermal Resistance [ e7s [ 875 | 


MAXIMUM SAFE OPERATING AREA 


MAXIMUM COLLECTOR CURRENT 
vs 


COLLECTOR-EMITTER VOLTAGE 


Ic¢—Maximum Collector Curront—A 


-1 -4 -10 -40 -100 -1000 
Vce—Collector-Emitter Voltage—V 
FIGURE 1 
2-244 TEXAS INSTRUMENTS 


TCKAS INSTRUMENTS RESERVES THE AIGHT TO MAKE CHANGES AT 
IM OROIR 10 IMPROVE OLSIGN AND TO SUPPLY THE BIST PROGAT 


TYPES TIP515 THRU TIP518 
N-P-N SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 


e 120 V and 150 V Min ViaR)CEO 

© 12-A Rated Continuous Collector Current 

© 80 Watts at 100°C Case Temperature 

e@ Min ff of 70 MHz at5V,1A 
mechanical data 


THE COLLECTOA IS IN ELECTRICAL CONTACT WITH THE CASE 
ALL JEDEC TO-3 DIMENSIONS ANDO NOTES ARE APPLICABLE 


ee ALL HOLE TO 61 DIME MLO 
GN AMO WOTEE ARE AFPLICARLE 


Cast TCMPERATURE Me asuRE 
MENT POINT 1b UNDENBIDE OF 
PLAT BURPACE miter 018" 
emow BtU0 


ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
TIPS15 TIPS16 TIPS17 TIPS18 


Collector-Base Voltage . . oo Fes, Na Tg Fa Rs Tee tee te For gece 5 130V 160V 130V 160V 
Collector-Emitter Voltage (See Note ny Coa ln eS ee See 2 ee ea 120V 150V 120V 150V 
Emitter-Baso Voltage 2 2. ee 6V 6V 6Vv 6V 
Continuous Collector Current See bee re see Pet a che ar Se seeder al Se wha —— _12A 
Peak Collector Current (SeeNote2) . 2... 0 2 ee ee ee ee — —_ 25 A ———+ 
Continuous Base Current 2. ww -_——_——— 6A —_————> 
Continuous Device Dissipation et (or below) 100°C Case Temperature 

(See Note 3) Beatie te lod see ee Woe pee, OS, ee eae ae BOW BOW B80W B80W 
Continuous Device Dissipation at (or below) 26°C Free-Air Temperature 

{See Noto 4) Dh che WY al Sanh lee Saibien e: eekete een Sint a oa, SR, IS Ge aw 4w 35W 35W 
Operating Collector Junction Temperature Range... 1. ee ee 2—- -65°C to 200°C ——-» 
Storage Temperature Range... wt <— -68°C to 200°C ——» 
Terminal Temporature 1/16 Inch trom Casefor10Seconds .....---- ——- 300°C ——_+ 

NOTES: 1. Thess values smply when the base-emitter diode is open-circulted. 


1 
2. This value applies for 1,, < 0.3 ms, duty cycle < 10%, 

2 Inearty to 200°C case temperature at the rate of 0.8 WC. 

4 Naearly toe 200°C free-air tempersture at the rate of 22.8 mW/C for TIPS and TIP616, 20 mw/C for TIPS17 and 


Texas INSTRUMENTS 2-245 


TYPES TIPS15 THRU TIP518 
N-P-N SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


Tie515 | TIPSI6 
PARAMETER TEST CONDITIONS t1P517_| TIP61e 
[MIN MAX|MIN MAX| 


VIBRICEO Collector-Emitter Breakdown Voltage I¢=30mA, tg+ 0. See Note S 
Vce°60V, Ig-0 
Vce+ 75V. Ig*0 
Vee - 120V. Vag 2 0 
Ices Collector Cutoff Current cE BE 


Voce *60V, Vee +0. To = 150C 


IcEO Collector Cutoff Current 


Voce" 75V. Vge-0, To 50C 


Ves*3V. ice0 
Vea76V. Ic¢20 


Vc|er4v. 1c+6A, See Notes5andG| 40 200 
bre Static Forward Current Transter R cE £ a 

Vces4V. le= 124, See Notes 5 and G 
Vee Base E matter Voltage Vce=4V. Ice 124, See Notes § and 6 


IpeOGA, IC¢*6A, See Notes 5 ond G 
Ips 1.2A, le #124, See Notes 5 ond 6 


lEBO Emitter Cutott Current 


VeEtest)  Collector-Emitter Saturation Voltage 


h Small-Signal CommorE mitter i ey , im (at 
id Forward Current Transfer Rat.o ce “ie : f 


Smail-Signal Common mitter 
bre! 


Vv Vv 1 1 ° 10 MH 
Forward Current Transter Ratio ceSv. leo tA. danas 


RESIDES ES 


> 
°o 
y 
8 


NOTES: 5S. These parameters most De measured using pute techmques. ty, * 300 us, duty cycle < 2%. 
6. These parameters are meosured with voitage sens:ng contacts separate from tho current carrying contacts and focated within O 125 
inch from the device body 


thermal characteristics 


TIPS15 
PARAMETER TIPS16 
Resc Junction to Case Therma! Resistance 1.25 | 


Rosa Junction 1oF ree-Air Thermal Resstance 43.75 


TIP517 
TIPS18 


yA AST 


2-246 TExAS INSTRUMENTS 


TYPES TIP519, TIPS20 
P-N-P SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
e 150 V Min V(pR)cEO 
e@ 8-A Rated Continuous Collector Current 
e 50 Watts at 100°C Case Temperature 
e Min fT of 40MH2zat5V,1A 
mechanical data 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR 1S IN ELECTRICAL CONTACT WITH THE CASE 
197) wAL—= 


S75 # max 


© Neaiaan a 
BOTH INOS 19S Mas ~ 
ee 4 Tastee name 
tous! 
DIMENSIONS ARE IN INCHES 


a. ALL JEDEC TO-41 DIMENSIONS 
on AND NOTES ARE APPLICABLE 


CASE TEMPERATURE MEASURE. 
MENT POINT 1S UNDERSIDE OF 
FLAT SURFACE WITHIN 0.125" 
FROM STUO 


ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
TIPS19 = TIP520 


Collector-Base Voltage ne a ay ee Aad Hee ode ar CN as ae es Bi, Big SE ee o—-1590 V—e 
Collector-Emitter Voltage (See Note 1) re ato ede Seah oid ee ee ee ee ee 1B Ve 
Emitter-Base Voltage. . whole Set va fey sy ce seh Ry “ae Se aL ee wh ee ee we eB Ve 
Continuous Collector Current Baty inde Oe Ah deg Be OR eT nk a Bs Beg CS SB A 
Peak Collector Current (SeeNote2) 2. 1 0 ee ee IZA 
Continuous Base Current ee Pa nds ee ee Bt ka eae SE A 
Safe Operating Area at (or below) 100° C Case Temperature - ne Be Hay ig See Figure 1 
Continuous Device Dissipation at (or below) 100° © Caso Temperature (See Note 3) wee ee 5 We 
Continuous Device DissIpation at (or below) 25°C Free-Air Temperature (See Note 4) . . . . aw 3.5W 
Operating Collector Junction Temperature Range 2 2. 1. ee ee 65°C 10 200°C 
Storage Temperature Ranga. we WA eastnss, Tach Le ee ee 65°C to 200°C 
Terminal Temperature 1/16 Inch from Case for 10 Seconds ee ee INOS 
NOTES: 1. This value applies when the base-emitter diode is open-circulted. 

2. This value applies for ty © 0.3 ma, duty cyete < 10%. 

3. Derate linearly to 200°C case temperature at the tate of 0.5 WiC. 

4. Derate linearly 10 200°C free air temperature at the rate of 22.8 mW/C for TIPSI9 end 20 mW/C tor TIPE20. 


a 


TEXAS INSTRUMENTS 2-247 


TYPES TIP5S19, TIP520 
P-N-P SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


ViBAICEO Collector Em-tter Breakdov.n Voltage -30mA, tg 0. See NoteS 


Collector Cutoll Current VcE> 75V. Ip 0 


Vv + -190V. Vv, 0 
Cotiector Cutolt Current cE BE 


Emutter Cutoff Current 


See Notes 5 and & 
See Notes 5 and 6 


Stabe Forv.ard Current Transter Ratio 


Base Emitter Voltage 


VeEtan)  Collector-Emitter Saturszian Vo'tage 


h Smal-Signal Common-E rmitter 
fe Forward Current Transter Ratio 
$ma3i!-Signal Common E miter 


Forward Current Traaster Rato 


NOTES % Thete paravelers mutt be Meatured UINg Pulte techniques 1,, - JOO Us, duty cycles 2% 


These parameters ave measured wilh vo lsge sens-ng contacts separate from the curtant carrying contacts and located withie 0.125 
inch trom the device body 


thermal characteristics 


PARAMETER 


Ri, Juncnon-to Case Tnerms! Resistance 
Anja Junctiom10-F ree-Ber Thermal Res.stance 


MAXIMUM SAFE OPERATING AREA 


MAXIMUM COLLECTOR CURRENT 
vs COLLECTOR-EMITTER VOLTAGE 


710 eer 


I¢—Maximum Collector Current—A 


-1 —4 -10 ~-~40 —100 -1000 
VceeE—Collector-Emitter Voltage 
FIGURE 1 
2-248 TEXAS INSTRUMENTS 


TEXAS INSTRUMENTS RESERVES CHE RIGHT TO MANE CHANGLS AT 
IW ORDIR TO IMPROVE OLSIGN AND TO SUPPLY THE BEST PROOXT 


TYPES TIP521, TIP522 
P-N-P SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
e 200 V Min VipR)ceO 
© 2-A Rated Continuous Collector Current 
© 20 Watts at 100°C Case Temperature (TIP521) 
© 4 Watts at 100°C Case Temperature (TIP522) 
e Min ft of 50MHzat5V,0.2A 


mechanical data 


TIPS21 ALL TEAMINALS ARE INSULATED FROM THE CASE 


ALL JEOEC TO S59 MENSIONS AND NOTES ARE APPLICABLE 
. Within 1nis dimension, cose diameter may vary, 


. Position of terminals with respect ta hexegon is NOt controlled. 

. The cose temomature mey be measured anywhere on the seating plane within 
0,126 Inch of the stud, 

. All dimensions are in inches unless otherwits specified. 


11522 THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


ALL Ormtendes ae ie cers 
UACAL OTmeew te ECMED 


ALL JEOEC TO-39 DIMENSIONS AND NOTES ARE APPLICABLE 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
TIPS21 TIP622 


Collector-Base Voltage ww wk <— -200 V—e 
Coltector-Emitter Voltage (See Note y woe ce Ra, et Bie, Bete Se eae ore oes te <—-200 V—e 
Emitter-Base Voltage. . ae whe), cw celebs Fat cae Jaro any tah Pte be a et ee wt ods Bee — -5 V—e 
Continuous Collector Current WEE ae a Oo ok eae, Sopa ah MR etal BAe the nas Nei Ge: ee -2A—+ 
Peak Coliector Current (SeeNote2) 6 0 6 -—--3 A—e 
Continuous Base Current ao Se og cates eae We era a eels Ble ay ey i Bee Dad ede o—-0.6 A—e 
Sate Operating Area at (or below) 700° C Case Temperature, . 2 2 1 1 ee See Figure 1 
Continuous Device Dissipation at (or below) 100°C Casa Temperature (See Note 3)... . . 20W aw 
Continuous Device Disslpation at {or below) 25°C Free-Air Temperature (See Note 4) . . . . 2w 1W 
Operating Collector Junction Temperature Range . 1-1 ee ~65°C to 200°C 
Storage Temperature Range ww ee -65°C to 200°C 
Lead or Terminal Temperature 1/16 Inch trom Case for 10Seconds .... +. ee eee — 300°C —+ 


NOTES: 1. This value applios when the base-emitter diode ls open-circuited. 
2. This value applics for ty % 0.3 ms, duty cycle < 10%. 
3. Oerate linearly 10 200°C case tem te of 200 mW/*C tor TIPB21 and 40 mW/C for TIPB22. 
4. Derate linaariy 10 200°C tree-alt tempera 


RES SS a 


TEXAS INSTRUMENTS 2-249 


TYPES TtP521, TIP522 
P-N-P SILICON POWER TRANSISTORS 


electrical! characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
VIBRICEO Collector-Emitter Breakdown Voltage I¢=-JOmA, 19°80. See Note S 


l'eeg Coltector Cutoff Current | Vee = 100v. tpn 
'CEs Collector Cutoff Current v . Vee = 0 : 

Voces -100V. Vee 0. Tos 150°C 
Veg=-25V. Ic 


Veg*-5V. tc*0 


Voce * —-4V, Ios -1A, See Notes 5 ond 6 
KrE Stauc Forward Current Transter Ratio 


lego Emitter Cutotl Current 


BaseEmitier Voltage 
VeEtear)  Collector-Emmitter Saturation Voltage 


Smoall-Signat Common-E miner ¥v 5V : O2A, f-1kH. 
Forward Current Transfer Ratio ce 3 c ieee : 


SmaltSignal Commor-E mitter 
Forward Current Transter Ratio 


rel Vces-SV. Ice -0.2A, (+5 MHz 


NOTES: 5. Thess pare 
6. Thew parame 


Mult De measered Utng Dulas techs.aces 1, = 300 us. duty cycle S 7%. 


@ Maassred wth v0 tage tenrs.ng contacts separate from the current-carrying contacts and located within 0 125 
inch trom the dewce body 


‘hermal characteristics 


PARAMETER 


Junction to-Caze Therma! Resistance 
Junction to-Free Au Therms: Rezimance 


Roya 


MAXIMUM SAFE OPERATING AREA 


MAXIMUM COLLECTOR CURRENT 
vs 


COLLECTOR-EMITTER VOLTAGE 


I¢~Maximum Collector Current-A 


OTA 
HS 
LUT | 
-—40 -100 -400-1000 


VceE—Collector-Emitter Voltage—V 
FIGURE 1 


2-250 TEXAS INSTRUMENTS 


TLRS INSTAUMEKTS BESCAVES THE RIGHT TO WAKE CHANGES AT ANT [af 
WH ORD[R TO IMPROVE OLSIGN AND TO SUPPLT THE OLST PROOKT POSSRI 


TYPES TIP523, TIPS24 
P-N-P SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
© 200 V Min VipR)ceo 
e 5-A Rated Continuous Collector Current 
© 30 Watts at 100°C Case Temperature (T1P523) 
© 6 Watts at 100°C Case Temperature (TIP524} 
e Min ft of 40 MHz at5V,05A 
mechanical data 


ALL JEOEC TO-59 DIMENSIONS AND NOTES ARE APPLICABLE 


. Within tnls dimension, cose diameter may vary, 

+ Position of terminate with respect to the hexegon is not controlled, 

. The cose temperature may be messured anywhere on the seating piene with.n 
0.126 Inch of tne stud, 

. All dimensions are In Inches unless otherwise specified. 


ALL JEDEC TO-39 DIMENSIONS AND NOTES ARE APPLICABLE 


absoluta maximum ratings at 25°C case temperature (unless otherwise noted) 
TIP523 «-TIPS24 


Collector-Base Voltage See Sy bs, fot ae SR EO Se ee ds eas Ste = -200V—e 
Collector-Emitter Voltage (See Note 1) 2 6 6 6 ee ee es «— —200 V—e 
Emitter-Base Voltage 6. ww we ao -5V —eo 
Continuous Collector Current... we ee ee es a -5A —o 
Peak Collector Current (SeeNote2) 2 6 6 oe ee et a -75A—e 
Continuous Basa Current ww a -2A—e 
Safe Operating Area at (or balow} 100°C Cass Temperature 2... ee ee See Figure 1 
Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note3) . 2... 3OW 6w 
Continuous Device Dissipation at {or below} 26°C Free-Air Temperature (See Note4) . . . . 2W 1 Ww 
Operating Collector Junction Temperature Range... 2 ee ep NE ie ee -65°C to 200°C 
Storage Temperature Renge ah, Cette age ee We ee fe 6 eee, Enh Son een fe a ow -65C te 200°C 
Lead or Terminal Temperature 1/16 Inch from Case for 10 Seconds... 2. 2 ee ee * 30C-—> 
NOTES: 1. This value appiles when the bese-emiiter diode is open-circulted. 


2. Thie value epplles for tw < 0.3 ms, duty cycle < 10%. 
3. Derate linearly to 200°C case temperature at the rate of 0,3 mW/C tyr T1P529 and 60 MWC 9 TiP624. 
4. Derate tneerly 10 200°C free-sie tempereture a1 the rate of 11.4 mW/ C for TIPG23 end 6.7 mw/ C tor TIP624, 


Lc eel 


TEXAS INSTRUMENTS 2-261 


TYPES TIP523, TIP524 
P-N-P SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
ViBRICEO Collector Emitter Breasdoy.n Voltage Ye -3OmA, Ig-O. See Note S 
'CEO Collector Cutott Current Vce* -100V. ig <0 
Vee 200 V. "Vee 6 
Vee“ -100V. Vpge- 0. Tce '50C 


ICES Collector Cutolf Current 


lEBO Emater Cutolf Current 


bre Static Forvard Current Transter Rao 


VBE Base Emitter Voltage 
VeEtsa) Collector. Emitter Saturation Voitage 


Smatl-Signal Common-E mitter 
Forward Current Trarster Ratio 


Small-Signal Common-E miter 


heel 


Fors.ard Current Transfer Ratio 


NOTES. 5. These parameters must be Teatered U1 og pulte Techniques. ty * 300 us, duly cycle! 25, 


eed With voltage nenaing Contacts separate from tho current carrying contacts and located vethin O 125 
inch from the ae.ice boy. 


‘hermal characteristics 


PARAMETER 


Juncton to-Caze Therma’ Rewstance 
Aaya Junction to-Free-Aiw Thermat Res.starce 


MAXIMUM SAFE OPERATING AREA 


MAXIMUM COLLECTOR CURRENT 
vs 
COLLECTOR-EMITTER VOLTAGE 


D-C Operation 
To < 100°C 


Ic¢--Maximum Collector Current--A 


=1 -4 -10 -40 -100 -1000 
VceeE—Collector-Emitter Voltage-V 
FIGURE 1 
2-252 TEXAS INSTRUMENTS 


TETAS INSSRUMENTS RESERVES THE MIGHT TO MAKE CHANGES AT Ant? 
IN ORDER TO IMPHOVE OLSIGN AND 10 SUPPLY THE BIST PRODUCT Poi. 


TYPES TIP525, TIP526 
N-P-N SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
e 200 V Min ViprRjceo 


e 5-A Rated Continuous Collector Current 

¢ 60 Watts at 100°C Case Temperature 

e Min fT of 40 MHz at5V,05A 
mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 
ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 


1050 max ee 
oa 
i 


Oran e max 
aotm (NOS 0133 man] be 5 
SHATING PLANT cass TUAPtRAruRE 
Vasa MEASUREMENT PODNT 


1572 Mane 


ALL OIMENSIONS ARE IN INCHES 


Tl 
P5726 ALL TERMINALS ARE ELECTRICALLY INSULATED FROM THE CASE 


one 
oe tos 
eta, eaten | ain ALL JEDEC TOS1 DIMENSIONS 


us =ANO NOTES ARE APPLICABLE 


3 a 1 CASE TEMPERATURE MEASURE. 
see a MENT POINT IS UNDEASIOE OF 
1b centcor FLAT SURFACE WITHIN 0.1257 


FROM STUD 


ALL OIMENSIONS AAE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
TIPS25 =TIPS26 


Collector-Base Voltage 250 V-—> 


Collector-Emitter Voltage (See Note Wy 


+— 200 V-—_e 


Emitter-Base Voltage 2 6 1. ee -——6V—+ 
Continuous Collector Current bine hone ai Mga Se ee we ee ee ee ee. OBA 
Peak Collector Current (See Note2) 6 2 we ee TIO A 
Continuous Base Current ae % ce ZA 
Continuous Device Dissipation at (or below) ‘100° c Case Temperature (See Note 3) tee ee) OOOO 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note4) . . . . 4w 3.5W 
Operating Collector Junction Temperature Range... 2... 2-7 eee eee ee 65°C to 200°C 
Storage Temperature Rango . eae Cee ee ee ee ee  G5C to 200°C 
Terminal Temperature 1/16 Inch from Case tor 10 Seconds eka kb oe a ey OC 
NOTES: 1. This value appllos whan the base-emitter diode Is open-circulted. 


1 

2. This value applies for ty, < 0 3 ma, duty cycle < 10%. 

J. Oorate linearly 10 200°C case temperature at thi of 0.6 WC, P 

4, Derate linearly to 200°C tr 81 the rate of 22.8 mw/°C for TIP525 and 20 mw/°C for TIP526, 


TEXAS INSTRUMENTS 2-253 


TYPES TIP525, TIP526 
N-P-N SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
ViBRICEO Collector Emitter Breakdown Vollage Ie JdmaA Ig: 0, See Note S 
1CEO Coxiector Cutott Current lVce*100V. igs 0 
Voge? 250V. Vpe- 0 
‘ces Cotiector Cutot! Current } — ar — 7 EXT 
ces 125 6E°O. c* 
Veg 5V tc 0 
‘EBO Emitter Cutotf Current Ve aay i rs 
£38 ° 5 etal 
“[vee-2¥. 1g" 258A, See Notes and 
bee Stance Forsard Current Teanster Ratio 
Vee 3. Io + SA See Notes 5 and & 
Bare Emitter Voltage iVcer4V¥ te SA, See Notes 5 and 6 
: aaa ig 025A ic +254, See Notes 5 and 6 
VE (gat) Coliector- Emitter Saturation Voltage [tg 05a ic 8A See Nowea Send 6 
Smal. Signal Common-E em. trer j ‘ Sy tee OA jcsea 
Forword Current Trarster A ce F ¢c : : 
vel Smali Signs! Commo+E mt lceeay: ROSA Lzsiane 
Forward Current Transter Rata | 
NOTES 9%. Tnete parameters mast be eas. 


These parame 


ate meatered » 
bosy 


19cm trom Ine dl 


thermal characteristics 


Janctionto Case Thermai Res stance 
Junction-to Frre-Aw Therma! Res stance 


BOW te techn ques ty 


~ WO ws daly cyclo '. 2 


FO73 Ng COMTECIS separate from Ihe current carrying Contacts and !ocated within O 125 


2-254 


TEXAS INSTRUMENTS 


TULAS INSTRUMENTS RESERVES THE RIGHT 10 MARC CHANGES AT AT 
1% OLDEN 10 IMPROVE DESIGN ANO TO SUPPLY THE BEST PRODUCT PO! 


TYPES TIP527, TIP528 
P-N-P SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
e 200 V Min ViprAjcEO 
e 8-A Rated Continuous Collector Current 
© 60 Watts at 100°C Case Temperature 
e Min tT of 40MHzat5V,1A 


mechanical data 


ALL JE DEC TO.3 OJMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


TIPS28 ALL TERMINALS ARE ELECTRICALLY INSULATED FROM THE CASE 


a ALL JECEC TO61 DIMENSIONS 
oi ANO NOTES ARE APPLICABLE 


CASE TEMPERATURE MEASURE- 
MENT POINT 19 UNDERSIDE OF 
FLAT SUMFACE WITHIN 0.1257 
FROM STUD 


ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
TIPS27.—- TIPS28 


Collector-Base Voltage Sab Be ei et gee aa ET ae OB ee ge 8S. -— -200 V—e 
Collector-Emitter Voltage (See Note y i ae hse, ks ae atce Eh a AN da ds a6 spn cpa a -200 V-——e 
Emitter-Base Voltage 2. 1 ww oa -5V—— 
Continuous Collector Current. 6 6 + -8 A—_+ 
Peak Collector Current (See Note2) 2... ee ee a -12A— 
Continuous Base Current Brie a wh Nop dat Sag ba 8 Solem ae ae Se ae eae So ee oo -2A—- 
Sate Operating Area at (or below) 100° c Case Temperature. . 2... eee ee ee See Figure 1 
Continuous Device Dissipation at (or below) 100°C Casa Temperature (SeeNote3) .. .. . -~— 6W—e 
Continuous Device Dissipation at {or below) 25°C Free-Air Temperature (See Note 4) . . . . aw 35 WwW 
Operating Collector Junction Temperature Range 2. 1 2 ee -65°C to 200°C 
Storage Temperature Range www —65°C to 200°C 


4 
Terminal Temperature 1/16 Inch from Case for IOSeconds: ich io ee NGS ee eS — 300C——~ 
NOTES: 1. This volue eppl'es when the Lase-emitier diode it open-circulted. 
@ applies tor ty, S 0.9 ms, duty cycle < 10%, 

arty 10 200°C case temperature at the rate of 0.6 WAC, 
4. Derate linearly (0 200°C free alr temperature ot the rate of 22.8 mW/°C tor TIPB27 and 20 mW/C for TIP528. 


a a IT 


TEXAS INSTRUMENTS 2-255 


TYPES TIPS27, TIP528 
P-N-P SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (untess otherwise noted) 
PARAMETER l TESTCONDITIONS __ 
ViBRICEO Collector Emitter Breakdoe.n Voltage Jtc dra tg 0. See Note 5 
1CEO Covtector Cutatt Catrert VCE 100V ‘pg: 0 

Voge -00V. Vag O 


Collector C:,tatl Current 


25V tc oO 
-Ev. te O 

av. 'c aa See Notes 5 and & 
-4yV. IC ga, See Notes 5 and G 


72.5 Ly | 


leBo Emitter Cutott Current 


hee Stac Fory.ard Current Transter Rate 


Base Emitter Vota 


VCE isa:) Collector Emitter Sat-ranon Yo ta? 


i Small-Signal Common Emitter 
fe Forward Current Transfer Rata 


Sma!-Segnal Common-E miter 


Vee- 5Y. Ige-1a t SMH 
Forward Current Travster Ratio cE : c 


NOTES & wren ea cges ie tects ales ty WCOes atv cree 2 


ve TMD TRge rete Ng costa: 


separate fo Ine c rent coreying Contacts and located eth O 12% 


yermal characteristics 


PARAMETER 


Raye Juncuor10-Cace Trermat Res storce 


Roa Junztor-to-Free Lr Therma! Re 


MAXIMUM SAFE OPERATING AREA 


MAXIMUM COLLECTOR CURRENT 
“ 
COLLECTOR-EMITTER VOLTAGE 


I¢- Maximum Collector Curt 


-1 -4 -10 -40 -100 ~1000 
VceE-Collector-Emitter Vultage 


FIGURE 1 


2-256 TeExAS INSTRUMENTS 


TETAS INSTRLMERTS FESURELS HL MIGAT TO MANE (HANGS AT ANT ‘a 
IW OSDIZ 10 IWPROSE OLSIGN AND [0 SUPPLT THE BEST PRODUC! pouke 


TYPES TIP529, TIP530 
N-P-N SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 


e 300 V Min ViBR)cEO 
@ 3A Rated Continuous Collector Current 
© 67 Watts at 100°C Casa Temperature (TIP529) 
© 20 Watts at 100°C Case Temperature (TIP530) 
e Min fT of 20 MHz at5V,0.5A 

mechanical data 


ALL TEAMINALS ARE ELECTRICALLY INSULATED FROM THE CASE 


em ALL JEDEC TOS! DIMENSIONS 
@R AND NOTES AME APPLICABLE 


CASE TEMPEMATUAE MEASUAE- 
MENT POINT IS UNDERSIOE OF 
FLAT SURFACE WITHIN 0.1757 
*ROM 6TUO 


TE COLLECTOR 18 IN ELECTRICAL CONTACT WITH Tme CASE 
ores max MATSOML ANE 


BOTH E808 Ha 


oss 
OTHY™” gor wan 
Pros 


ALL DUST MEIOAS ARE INCE 
ALE MOEC 70 68 DIMENSIONS AND SOTER ARE APP, COLE 


absolute maximum ratings at 25°C case temperatura (unless otherwise noted) 
TIP629 TIP530 


Collector-Base Voltage 5s he ree Bee Big: fe Soe ee St ae ahs Me = 400 Vv—e 
Collector-Emitter Voltage (See Note 1) Ge Wen, fale ea Biases eee he or Yea os An tec a aed = 300 V—e 
Emitter-Base Voltage 2 6. a 6V —+ 
Continuous Collector Current 2 6 2. ee — 3A — 
Peak Collector Current (See Note 2) 2. 6. we et a 10A——» 
Continuous Base Current od Sap a tenes eee aah Sage i SA he en ade Re, ee — 15A—e 
Continuous Device Dissipation at (or below) ‘100° 'C Case Temperature (See Note3) . .. . 67 Ww 20W 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) .. . 4w aw 
Operating Collector Junction Temperature Range 2 2 ww ee -65°C to 200°C 
Storage Temperatura Range 6 | -65°C to 200°C 


Lead or Terminal Temperature 1/16 Inch trom Casefor10Seconds . 2... 2. ee — 300°C—> 


MOTES 19. Thi 


whan the base emitter diode 1s open-circuited. 


aT jes for tw <O.Im < 108%. 
3.0 9 rate of 0.67 W/"C for TIP$28 end 0.2 W/C for TIP830, 
4.0 1 the cate of 22.8 mW/*C for TIPS29 and 11,4 mW/"C for TIPS30. 


TEXAS INSTRUMENTS 2-257 


TYPES TIP529, TIPS30 
N-P-N SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 
Coitectar Em tter Breakdown Vortage 
Collector Cutott C..rrent 


TEST CONDITIONS 


ViBRICEO 


Ervattee Cutatl Current 


State Forward Current Trasster aro 


(Voce -43V¥. Ic > JA, See Notes 5 ant 6 


| Vee BaweEn ter Voltage 


Sma: S$ gna Common e nm titer 


h Vee" Sv. ° 
fe Fovaare Crear tage Rss | ce 


c Em ter 


NOTES 5S These Derameters — 


G Trete parameters ove © 


men Om Ihe ae. ce Doty 


thermal characteristics 


PARAMETER 


Rojec Jenson 10Came Them ot Besstance 


lVce 4v Ic 3A, See Notes S and 6 

| 2 L's OISA, Ic > 115A. See Notes 5 and6& 
v Couector Eruiter Sat_raton Vo'ta 

\ CE lsat! ae See Notes 5 and & 


VcesSV. Ic O5A, t= SMH 


tet ang cate techsiases t,, JOOus duty cycles 2 
pes 


ge seth Ag COntaCIS seDarale from the current carrying Contacts ang located wiih OO 12S 


pmax | an | 


tae Jeter 10-FreeAur Tharea Resstunce 


2-258 TEXAS INSTRUMENTS 


TETAS INSTRUMENTS RISE SES THE RIGHT TO Mant CHURGLS OT AAT 
Ty ORDLE TO IMPROVE DESIGN AND [0 SUPPLY THE ELST PROGT P: 


TYPES TIP531 THRU TIP534 
N-P-N SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
@ 300 V and 400 V Min V(BA)cEO 
e 15-A Rated Continuous Collector Current 
e 150 Watts at 100°C Case Temperature 


@ Min f7 of 50 MHz at 10V,1A 


mechanical data 
T1PS31, TIPS32 
ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


Oren man 
soTH UE 


719533, TIPS34 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


ALL JEDEC 10-63 GIMCITIONS 
AMD NOTES AME APPLICABLE 


CASE TEMPERATURE MLA- 
SURLMENT POINT IS UN. 
DERSIDE OF PLAT SURFACE 
WITHIN 0.125" FROs STUD 


ALL DIMENSIONS ARE SN INCHES 


i absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP631 = TIP632 

TIP633 « TIP634 
Collector-Base Voltage. . . ieneryar A dal, se Re Ml ctruet toe cage Saat toes. e Wat's 3O0V 8 450V 
Collector-Emitter Voltage (See Note y ae oy Basan a tre a? Fane 8 Cares se ee aco hk OS Te JoovV 400V 
Emitter-Base Voltage 6... we 6V 6V 
Continuous Collector Current sca Ta bide doy De Rah see Ge Ck tay Ghee Bee coe Ot A 
Peak Collector Current (SeeNote2) 2 6 6 6 ee 25 A—o 
Continuous Base Current 6 we ee oo 4A—- 
Continuous Device Dissipation at tor below), 100°C Case Temperature (See Note3) . 2... = 160W—e 
Continuous Oevice Dissipation at (or below) 25°C Free-Air Temperature (See Note4) . . . . #—4W—> 
Operating Collector Junction Temperature Range 2. 1 1. ee 65°C to 175°C 
Storage Temperature Range. | . 65°C to 200°C 
Terminat Temperature 1/16 Inch trom Case tor WOSeconds 2. 2 ce ttt ws + 300°C —o 

WHOTES: These values apply when the base-emitter diode is open-circulted. 


1 
2. This value eppiles tor ty, < 0.2 ms, duty cycle < 10%. 
J. Derete linearly to 178°C case temperature at the rats of 2 WiC. 

4, Derare linesrty 10 178°C free alr temperature at the rate of 26.7 mw/*C. 


a ae 


TEXAS INSTRUMENTS 2-259 


TYPES TIP531 THRU TIP534 
N-P-N SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature (unless otherwise noted) 


'cCEO 


| Ices 


PARAMETER 


VIBRICEQ Coltectar- Emitter Breakdows Vo tos 


Collector Curotl Carreat 


Corector Cutot! Current 


Emmitter Cutot! Current 


Stane Feeward CU: 


az Trasster Sat-3 


BaseEm.rter Ve! race 


racster Ay: > 
Comment mer 


3 Tracstes 2a: 5 


Tete carametes 


1 
fig = 100 mA. 


iVce + 150V. 
(Vce = 200V. 
300 V, 
S00 Vv, 
Vee = 150V. 
i Veg = 200V, 


vy 


ice 


iVeg-+v. 
Ves -6V. 
iVces4¥. 
Veet 4. 
Veg # a. 
15 = 0.758, 
vig 4a, 


“Vcoe - 20, 


"Vee > 10V, 
: 


mast De estes or 35 te techs 303 ty, 


TIPS3t TIP532 
TEST CONDITIONS oe P534_ | UNIT 
1g = 0. See Note 5 pam Ma 
ip 0 7 po 
ig= 0 P= ah 
Vee =0 ae el 
Vee" tense | 6] | 
Vero. Yevmoe [| —*+| ~~ 
I¢-0 
Ie -O 10 
1¢+7.5A, See Notes 5 and 6 eee 
Tc ISA, SeeNotesSand6] 5 \ 
Te" 15A, See Notes Sand 6 LP 
1c 7.5A, See Notes 5 and 6 [sf sty 
te ISA, SecNoterSand6] 2 | 
IgGs tA. t+ veHe 20 al 


300 os. Gaty cycle. 2%, 


NO Sar amet ert ae Seats es ws TS StS pe eth g Cott aCtS BaDarate from Ine Current carrying Comtacts and loceted wilh 0 125 


wen tom Ihe ce. ce cocy 


thermal characteristics 


PARAMETER 


oeret anety Cae Teen Fm nance 


ALL TYPES 
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TEXAS INSTRUMENTS 


TYPES TIPS35, TIPS36, TIP537 
N-P-N SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 


e@ 200 V, 300 V, 400 V Min ViBR)CEO 

e 7.5-A Rated Continuous Collector Current 

@ 100 Watts at 100°C Case Temperature 

© Min fT of 10 MHz at 10 V,1A 
mechanical data 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


FISH MAK 


0106 @ man 
eon Des 


0423 max ~ sdb. 


Matos ns 


DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

TIPS3S TIPS36 TIPS37 
300V 400V 500V 
200V 300V 400V 

SV 6V 5V 


-—— 7.54 —> 


Collector-Base Voltage 
Collector-Emitter Voltage (See Note 1) 
Emitter-Base Voltage 

Continuous Collector Current 

Peak Coflector Current (See Note 2) 
Continuous Base Current 
Continuous Device Dissipation at “(or below) 100°C Case Temperature (See Note 3) 


-—— 154 —— 
oa 3A -—— 


-—__ 10 W—— 


Continuous Device Dissipation at {or below) 25°C Free-Air Temperature (See Note 4) 
Operating Collector Junction Temperature Range 
Storage Temperature Range 
Terminal Temperature 1/16 Inch from Case for 10 Seconds 


NOTES: 


ly when the bese-emitter diode is open-circuited. 

pplies for tw < 0.3 ma, duty cycle < 10%. 

rly to 200°C case temperature at the rate of TW/°C. 
Uneerly 10 200°C free-air temperature at tha rate of 28.6 mw/*C. 


1, These val 


aT 


TEXAS INSTRUMENTS 


oo 5W —— 
—-65°C to 200°C —» 
 -65°C 10 200°C —» 


—— 300°C ——~ 
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TYPES TIPS35, TIP536, TIP537 
N-P-N SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 


Collector-E mutter 


TEST CONDITIONS 


7 Ie- AL tg 0 N 
(BRICEO Bresson Voltage c+ 30ma, 8 See Note S 
[Voce - 190V. igs 0 1 
IcEO Collector Cutotl Current Voce - 150V. Ig-0 


Vce=7200V. Ig -0 


(vee 300 1g 0 5 ns PR 
iMce 400. Ig 0 a es 
iVog 2 200V. 1g: 0, To = 150C 7 


tv, = Vv. Iige 
ICES Collector Cutotf Currest cE - $00 p-0 pao 
‘Voge: 150V. tp +0. To 150C § 
Neg 280v. pO. te-s0c | | +i 4] 
'Vegrav ie 
legpo Emitter Cutoff Curtet pa = c | 08 | 
Vegi 5 1c-0 1 
Static Forveara Cartent Vees4V. ic-5a 20 100] 20 100] 70 100 
nee See Notes 5 and 6 : 
Teandler Rao vce av. igs 158 2 Sr 
VeE Base Emitter Voltage Veer ay le*7.54. See Notes $ andG a 2hv 
Y Col'ector Emstier ips OSA Ies5A SicN puna é 12 12 12 v 
ee Notes § an 
CEs Saturation Voitege figs 188 eo 7.5A ote 25 25 25 
SmatS.gna!Commor Em trer | | 
h + 10V tor TA fe tk 20 
te Forward Current Transter Rata Voes IOV. tc ‘ 49 oe 
SmaiiSigna: Common Emitter 
Voce + IOV lee lA, f° SMH ? ‘ 
Forwata Cutreat Transter Rawat CF c hui 


NOTES 5. These paren 92 Lb 7g Ouite Techa-gues t,, = 300 ws duty cycles 2s 


6 These parameters are “eet sres with Ortage sensing Contacts separate from ine current carry ng contacts ang located within O V25 
ACH from the de.ce DOdy 


thermal characteristics 


PARAMETER 


a Junction-1o-Cae Therma! Ressiance 


Rosa Junciion-t0-Free-Aw Therma’ Res.siance 


2-262 TEXAS INSTRUMENTS 


TEKAS INSTRUMENTS ALSCOWES Tht RIGHT TO MAKE CHANCES AT 
1H OORDEM 10 IMPROVE DISIGN AnD 10 SUPPIT INE LST PRODUCT 


TYPES TIP538, TIP539, TIPS40 
N-P-N SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 


© 200 V, 300 V, 400 V Min ViBA)CEO 

e 1§-A Rated Continuous Collector Current 
© 125 Watts at 100°C Case Temperature 

@ = Min fT of 10 MHz at 10V,1A 


mechanical data 


ALL JEDEC TO-3 DIMENSIONS ANO NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTAICAL CONTACT WITH THE CASE 


aD MAL 


82S @ MAK 


oven man 4! ane. 
198 mane 
botm iMos O18 MET Os tees oan 


ALL OIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
TIPS38 TIPS39 TIPS40 


Collector-Base Voltage . . . Rita iba tog ie Na a ven, avin, an Ths see tea Mme ee sense ae 300V 400V S00V 
Collector-Emitter Voltage (See Note rm eh, eset tengo Gea! Fe el eee Gh ae ie: aye 200V 300V 400V 
Emitter-Base Voltage aS: or ste oy MN cept Mao tes ais cos ii kec ae yeh Ay cae haan 5V 5V 5V 
Continuous Collector Current.» ww. -_— 154 ——e 
Peak Collector Current (SeeNote2) 2... — BA——e 
Continuous Base Current 2 6. ao 5A ——+ 
Continuous Device Dissipation at (or below) 100°C Casa Temperature (See Note3) . . «——125W——> 
Continuous Device Dissipation at (or below) 26°C Free-Air Temperature (See Note4) . ®——— 5 W———» 
Operating Collector Junction Temperature Range. 2 2. es -65°C to 200°C 
Storage Temperature Range 2. 1 1 wk -65°C to 200°C 
Terminal Temperature 1/16 Inch from Case for 10Seconds . 2. 2. ee ee ee —_ 300°C —__» 


“OTES: 1. These velues apply when the base-emitter diode It apen-circulted. 


a ET 


TEXAS INSTRUMENTS 2-263 


TYPES TIP538, TIP5S39, TIP540 
N-P-N SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


VigRiceo 


'CEO 


'CeS 


‘eBo 


hee 
Vee 


VcElau 
Me 


We, 


Forward Current Transter Raid 


T1P538 pe TIPS40 
PARAMETER TEST CONDITIONS 
MIN MAX|MIN MAX| MIN MAX] 
Coliector Ermeties 
te 20mA tg 0. See Note 5 
Breakdown Voltaie 
Wee 100V_ ta 6 ao 
Collector Cutotl Current Vor WSO tg 0 a) ae 
Woe 700¥. 1g 0 ee S| 
Vee 200g 0 ae me 
Vee #00V_ tg 0 ae a ae 
Setiecian coin Vee S00V. tg 0 es Ee) 
Ove tor s10 UErEAT 
sor Gert curent ecg 159V. ig 8 Ye OE es 
Vee 200Vig 0. Te 150 ma 
Vee 250 tg 0. Te 150 C a) 
Emuter Cutoff Current Ee" £ 
(Vee > S¥ tc 0 a 
Static Forward Current Vee av, ic oa Ts onae [ 20 100] 
Base Eritter Vottage Vce 2V. Ic ISA. SceNoresSandG ee) ee) ee) 
Contector Emitter igi O75A. tc 75A Seo ees Fyy SEL C7 Z| 
te DT 
Sarat Vorone ig 375A ie sa [nef vol asf 7 
Small Signal Common-E™tter y lov ; we isha 
Ve . ‘ +k 
Forv.ard Current Transter Ratio} ce ¢ f 
Smali-Signa! Comnon-E nutter 
Voce IOV. Ie 1A, { SMHr 


Tnese parameters Must be Meatured using Dulte techniques t., * JOO us, Outy cycle *. 2%. 


Thete parameters af¢ meas sled o1h voltage sensing contacts separate from the current carrying Contacts and located vthin O 125 


Inch (om the device touy 


thermal characteristics 


Rose 


Rosa 


PARAMETER 
dunchon-to-Caze Thermal Reastarce 


JUNCOM 10 Free Air Therma: Resistance 
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TEXAS INSTRUMENTS 


TUTAS IWSIOGMEWTS RESERVES THE RIGHT TQ MAKE CHANGES at awtT 
TK OROLE TO IMPROVE OLSIGN AND TO WJPPLY THE BCSI PRODUCT POSS 


TYPES TIP544, TIP545, TIPS46 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
RECOMMENDED FOR COMPLEMENTARY USE WITH 2N5758, 2N5759, 2N5760 


e 150 Wat 25°C Case Temperature 

© 6A Rated Continuous Collector Current 

e Min fy of 1 MHz at 20V,0.5A 
mechanical data 


The case outline falls within JEDEC TO-3. 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


1372 mar 


04?! 
pe 


> vow wee 2 
‘, 2 — 


Ore t Man 
SoTm INDE 


ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP5S44 TIPS4S TIPS46 
-100 V -120 V -140V 


Cotlector-Base Voltage 2 1 wk ee 
Collector-Emitter Voltage (See Note TP. ee tena: Roa Te RISE are ee woe -100 V ~120 V -140 V 
Emitter-Base Voltage Bee sie os ca Get la a a er aoe eS ay Wale a ek is -7V -7V -7N 

Continuous Coltector Current 2 6 6 we ee _— -6A —— 
Peak Collector Current (See Note2) . 0. 2. - ee ee et ee o— -10A ——_+ 
Continuous Base Current 2. 1 www —_— 4A — 
Continuous Device Dissipation at ‘tor below) 25°C Case Temperature (See Note 3) . —  150W ———e 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note4) . *——— SW ee 
Operating Collector Junction Temperature Range. «we ee ee et ts —-65°C to 200: C—e 
Storage Temperature Ranga 2. 1 we = -65°C to 200°C —» 
Terminal Temperature 1/16 Inch trom Case for 10Seconds © 2. 2 2 2 ee ee ee -—\§!_ 235°C ——_+ 

NOTES: 1, These values apply when the base-emitter diode Is open-ciecuited. 


1, 
2. Thi velue appties tor ty < 0.9 ms, duty cycte S 10%. 

J. Oa ly to 200°C cal mpersiure st the rate of 0.857 wrc. 

4. Darate linearly to 200°C free-air temperature et the rate of 28.6 mW/°C. 


a 
TEXAS INSTRUMENTS 2-265 


TYPES TIP544, TIP545, TIPS46 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


Tisaa | tipsas [rises] 


PARAMETER TEST CONDITIONS 
aN MAX[MIN MAX[MN MAX| 
Co! “tor Emitter 
Vv 1¢* 200 mA. Ig = 0, See Note 5 100 
(eRICER Breakdown Voltage ig i i fz [wo |v | 
Veg = 100V.1g 0 as RD 
leno Cotlstor Curott Current [eg HOV. ig et Ee ae 
Vep= WOVE 0 se 
Wee 50V. ig 0 a) ee 
IcEO Collector Cutot! Current Vee -60¥. Ig 0 ee a) 
ee 70V 1-0 en Les KEEST™ 
ae Vee = 100V Vgc _15¥ ee ern 
v WO VY, 15 | 
leEv Collector Cutolt Curtent ce BE eas 
Vee 100V. Vee 1 5v, Te 150 C es Sen 
Wee -170V.vee=t9v. Tos toc TT sf 
Vee = MOV. Vpe tev. to-t50e | |_| 
Stave Forsard Current Vee: 2¥. Ic 3A 25 100] 20 Bo] 15 60 
nFE See Notes S and G 
Transter Ratio Voge -2¥. Ic -6A ; 5s | 5 | 5 
Vee Bae Emitter Voltage 'Vce -2V. tc -3A. See Notes 5 and G 15 a) ee) Vv 
Collector-E miter [ig -O3A, tc. -3A ee) 
NCE tH Saturation Volioe TE SOS NE | 
= jw * 2 a 2 iW} Rte 
Mal Segnat Common Emitter; 
h v IOV, 1¢-- 2A, te TkHe 15 H 
fe Forvsard Current Transter Ratio! ce ¢ ig fs fe | 
Smail-Signal Common-Emuitter | 
v 20v, | OSA, f- O.SMeH 
Forward Current Transtes Ratio] ce c 2 ' 
Common Bae Open-Circait 
C Voa- te: t-01101MH pF 
obo Outeut Capacitance & . i a. 


NOTES 5. 


G Thase parameters are measured 


These parameters mutt he me 


inch trom the dewce body 


3 sAA™O> te techn.ques tL, + 


300 us. duly cycle * 


Fost 


Wt vO.toge senting contacts separate from the current carrying COMLACTS aNd located within 0 125 


SD 


2-266 TEXAS INSTRUMENTS 


TOTAS IMSVEUMENTS RESCAYES THE RIGHT TO MAKE CHANGES AT ART 
IN OPOTR [0 IMPROVE DISIGN AND 10 SUPPLY THE BIST PROOUCT FO! 


TYPES TIP640, TIPG41, TIP642 
N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


DESIGNED FOR COMPLEMENTARY USE WITH TIP645, TIP646, TIP647 


e 175 W at 25°C Case Temperature e Minh¢e of 1000 at4V, 5A 
e 10-A Rated Collector Current @ 100-mJ Reverse Energy Rating 
device schematic COLLECTOR 


PS ey eee 


BASE O 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 
ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 


Of18 a man 


ALL DIMENSIONS ARE IN INCHES 
absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP640 =TIPG41 TIP642 


Collector-Base Voltage~ . . . Sosy ts toy We Saifan Mie ws hee aes Gig, BE eins Gap td 60V 80V 100 V 
Collector-Emitter Voltage (See Note 1) ee Nodes cote! Ay Mee a tee al ie phar ieee. ey, (or gor Se 60V 80V 100 V 
Emimer-Base Voltage 2 6. we ee 5V 5Vv 5Vv 

Continuous Collector Current 2 ww we ee ee oo 10A——> 
Peak Collector Current (See Note 2) 6. we ee o— 15A——_> 
Continuous Base Current 5 ww we ee oo 05A—— 
Safe Operating Areas at (or below) 25° c Case Temperature ot ent dece kt at Oe SES See Figures 7 and §—e 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note3} . . <*#——— 175 W———» 
Continuous Device Dissipation at {or below) 26°C Free-Alr Temperatura (See Note 4} o———- 5 W ———_> 
Unclamped Inductive Load Energy (SeeNote5) 2. 2... eee et ee es a— 10m) ——+ 
Operating Collector Junction Temperature Range . 2... ee ee ee ee = -65°C to 200°C — 
Storage Temperature Range. 6 we + ~65°C ak ar 
Lead Temperature 1/8 Inch from Case for 10 Seconds 2... eee ee <-— 260C ——+ 

NOTES: emitter dlode Is open-circuited. 


1 
2. , duty cycle S 10%, 
3. ¢ the rate of 1 WC or refer to Olaulpation Derating Curve, Figure 9. 
4 
5 


. Derate iinesarly 10 200°C ir tempera the cate of 28.6 mW/C or refer 10 Olasipation Dersting Curve, Figure 10. 
. This cating is based on the capability of the transistors to operate safely In the clreult of Figure 2. © 100 mH, Age2 
Vap27 OV, As =0.1 1, Veg = 20 V. Energy © [e7L/2. 


i Le 


= 100, 


TEXAS INSTRUMENTS 2-267 


TYPES TIP640, TIP641, TIPG42 
N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


| ranmweren | tesrconmmrions an aS fn | 


Coll Emit 
ViBRICEO Sgn sagt Ic 30mA, Ig - 0. See Note 6 
Breakdown Voltage 


ICEO Collector Cutoff Current Vce>40V. tg- 0 > ——] 


IcB0 Collector Cutoff Current Veg * 80V. (ge *0 
Vep. 100V. Ig-0 
1EBO Emitter Cutott Current | Vea SV. Ic 0 
Stance Forward Current 
Transfer Ratio 
Base Emitter Vo!tage 


Collector-E mitter 
VCE (san 


Saturation Voltage 


NOTES 6 These parsmeters mutt be Teatsres uneg Duite techniques 1,, ~ 300 us. duty cyclo < 2%. 
7 There parameters oro Meatured wth voltage sens.ng comtacis seperate Irom the current-carrying contacts and located within 0 125 
snch trom the device body 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS! 
Turn-On Time Ic = 104, Vaq1y = 40mA_ 1g(2) = -40 mA, 
Turn-Oft Time VeElot " -42V.AL*3n, Sec Figure 1 


"Voltage and current valves shown are Nominal, exact values vary slightly with transistor parametors 


PARAMETER MEASUREMENT INFORMATION 


Aus da 
OvuTPUT 1 
90% 

Vapi* 44 

ADJUST FOR 

Von = 42 VAT 

INPUT MONITOR 

TEST CIRCUIT VOLTAGE WAVEFORMS 
NOTES: A Vpn it 0 -30-V oulee (from 0 V) into 8 SO £2 termination 
8 etorm is tupphed by a Generator with the following chara ica. ty S15 ne, tp S 1B ns, Zou, > SOM, ty 7 20 me, 


duty cycle S 
Wavetorm 
Resistors must be naninduc 


monitored on an oscilloscope with the folloving character 
@ types. 
The a-c power supplies may require additional bypessing in order to minimize clinging. 


FIGURE 1 


st, S18-ns8, Bin 2 10 M01, Cin < 11.6 DF. 


moa 
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TYPES TIPG40, TIP641, TIP642 
N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


INDUCTIVE LOAD SWITCHING 


ee 


TEST CIRCUIT VOLTAGE ANO CURRENT WAVEFORMS 
“OTE A Input pulse width in increased unts) Tom * 1-42 A, 


TYPICAL CHARACTERISTICS 
STATIC FOAWARO CURRENT 
TRANSFER RATIO GASE EMITTER VOLTAGE 
coucecton CUAALNT case TEMPERATURE 


Vet Sam Coon Vonage-V 


-%-40-3 0 Bw 100175 801 
To —Cam Temper tare -"C 


FIGURE 3 FIGURE 4 
BAMAL( S1GN AL COMMON EMH TTES 
COLLECTOR-CMITTEA SATURATION VOLTAGE FORWARD CURRENT TAANYIEA AANO 
* * 
CASE TEMPERATUAL #RLQUENCY 
> 7 
t d 
3 
3 1 
§ = 
1 
5 
a 
i I 
or = 
| = 
4 eT 
3 on ? 


-16-60-% 0 7% 6 78 1001 8078 
TCs Toogur ature" 


FIGURE B FIGURE 6 


HOTES: 6. These parameters must be measured using pulse techniques. t, = 300 ye, duty cycle <2%,. 
7, These parameters are measured with voltage-sensing contecte seperste from the current-carrying contacts end located within 0.128 
inch from the device body. 


Texas INSTRUMENTS 2-269 


TYPES TIP640, TIPG41, TIPG42 
N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT 
vs vw 
COLLECTOR-EMITTER VOLTAGE UNCLAMPED INDUCTIVE LOAD 
D-C Operst-on TM TTT TT vce = 20v 
‘41 | Te <28°C 
: 4 
7 = 
5 = 
5 5 
oO 1S) 
3 6 
x) x) 
oO oO 
E E 
E E 
a NSCS 3 
= = 
iS) Bas & 
bast 
10 20 40 70 100 200 400 
VceeE-Collector-Emitter Voltage—V L-—Unclamped Inductive Load—mH 
FIGURE 7 FIGURE 8 


NOTC B Above this DONE Ihe tafe Operating eres Mas NOt Ose defined 


THERMAL INFORMATION 


CASE TEMPERATURE FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 
200 — 


i z 
= , 
Q = 
s 180 g 
z a 
a 160 2 
8 140 
& 8 
Oo 120 g 
2 = 
¢ 1% 3 
FA € 
& 80 FE 
2 g 
E- 40 E 
e a 
= 2 z 
& : 

Oo 25 50 75 100 125 180 175 200 0 28 60 75 100 125 150 175 200 

Tco—-Case Temperature—°C Ta-Free-Air Temperature—"C 
EIGUBE’? FIGURE 10 
SS 
te me any rasgentblily for any 6 vty sown 
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TELaS WNSTRUMCNTS AESERVES TRE MIGHT TO MAKE CHANGES AT 
(NORDEA TO 1MPROVE OLSIGM AND TO SUPPLY THE BEST PRODUCT 


TYPES TIPG45, TIP646, TIPG47 
P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


DESIGNED FOR COMPLEMENTARY USE WITH TIP640, TIP641, TIP642 


¢ 175 W at 25°C Case Temperature e Minhee of 1000 at4V,5A 
e 10-A Rated Collector Current e 100 mJ Reversa Energy Rating 
9 COLLECTOR 


device schamatic 


-J 
O EMITTER 


mechanical data 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


igi wa | 


o JOR a 
1.030 MAK MAK 
O: oa 
FRO treme 


O00 @ man ; a b 
sOTm Woh 0.133 max TIATING PLANE 


eam 


ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 26°C case temperature (uniess otherwise noted) 
TIP64S TIP646 TIPG47 


Collector-Bese Voltage . . ne bP aLig Me Seen ee) & Senge eae 1S Gens, ae -60V -80V -100V 
Collector-Emitter Voltage (See ‘Note 1) Gd Me Boa WY telson B Secs Wel el arya erties -60V -80V -100V 
Emitter-Base Voltage 2 6 ww ee $V -§V -5V 
Continuous Collector Current Bobi teew es de eh sartaas da (ayer g 8) dee Log etter fe i  —— = 10 A 
Paak Collector Current (See Note2) 2. we ee a—-- 15 A ———_» 
Continuous Base Current 6 ww te ee -——- -0.5 A —_—_» 
Safe Operating Areas at (or below! 26° c Cane Temperature eee eer keene Cet, See Figures 7 snd 8 
Continuous Device Dissipation at (or below) 26°C Case Temperature (See Note3) . . «——— 175 W—> 
Continuous Device Dissipation at (or below) 26°C Free-Alr Temperature (See Note 4) _— 5W———— 
Unclamped Inductive Load Energy (SeeNote6) «2... ee ee ee es ——— ]100 mj ———» 
Operating Collector Junctlon Temperature Range . 2 2 1 ee ee et ee —86.C to 200'C 
Storage Temperature Range 2 www 65°C to 200 Cc 
Terminal Temperature 1/8 Inch from Case to 10 Seconds . 2. 2 ee ee ee -—— 280 C —_—___> 
NOTES: 1. These values apply when the base-emitter diode (1 open-circulted, 

2. Iue applies for tw <0.3 me, duty cycle < 10%. 

2 10 linearly to 200°C case temperature at tha rate of 1 W/*C or rater to Diasipetion Dereting Curve, Figure 9. 

4. Dorate iinsariy to 200°C free-ale temperat t he rate of 28.6 MWC oF refer to Dissipation Derating Curve, Figure 10, 

8. Thin rating Is besed on the capeblilty of the translators to operete safety In the circuit of Figure a. L = 100 mH, Ragz © 100 N. 


Vap2° OV. Ag = 0.19, Veg = 20 V. Energy © Ie 21/2. 


a 
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TYPES TIP645, TIP646, TIP647 
P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


TIP645 TIPG4S TIPG4? 

“ Collector-E miter ; Pen i ‘i aa : 
ig ras : 
IBRICEO Breakdown Voltage c . 6 . se yore, 


Vce>-30V, Ig-O =? 
mA 


Poe =2| 
IcEO Collector Cutoff Current Vee -40V. Ipe0 ; sd 
ii] 
p= 


Veg: -60V. pO 


Icgo Collector Cutolf Current Veg « -$0V. Ig -0 
Veg -100V. 1-0 fe 


1EBO Emitter Cutoli Current 
Static Forward Current [tooo | 

: See Notes 6 and 7 
Transter Ratio [500 

Base Emitter Voltage Voe = -4V. Ice -10A, See Notes 6 and 7 


7 Collector-€mitter eer ERE] 
CEH saturation Voltage Tge 40a. tc -10A nt FF] 


NOTES 6. Tnese parame 
7, Trase pareme 


=a 
|| 
[= 
[2-2 
a 
[soo [500 
a ee) 
a 
a) 


Matt DO meatsved 3573 Duta techn.ques t= JOO us. duty cycle < 2". 
$€ Messed A IN Vollage sensing contacts separate from the current carrying Conta Is and located vith AO VIL 


inch from tne device DOdy 


vitching characteristics at 25°C case temperature 


TEST CONDITIONS? [typ [unit] 
I¢- -10A Mpial * = 40 mk.” Ipjpgy AO mA. 
Veeion * 42V. AL 3h. Sce Figure 1 fou | 


51 v9 ves vary shghtly wth trans:stor parometers 


PARAMETER MEASUREMENT INFORMATION 


PARAMETER 
on Turn-On Time 


toff TurnOlf Twne 


TVoliage and currant values mown are nomina 


eur 
9) ¥oNITOR 


OuteuT 
MONITOR 


Vapi> 44¥ 
ADJUST FOR 
Von = a2 VAT 
(PUT MONITOR 


TEST CIACUIT VOLTAGE WAVEFORMS 
NOTES: A. Voen 


B TRE Voen wavelorm 1s supplied by 8 generator with the fotlowing charac 
duty cycle S 2%. 


ita JOV pulse (from 0 V1 into @ 50.1 termination 


eet SIS As ys 15-98, Zou, 7 SOM. ty > 20K. 


C Waveforms sre monitored on #n oscilloscope with ine following charac cv. ty S15 ns. Aun 2 FO MIL, Cin S 11.5 DF, 
D. Ressiors mur be noninductive types. 
E The d-c power supplies may requ ional bypassing in ofder to munimize ringing 


FIGURE 1 


2-272 Texas INSTRUMENTS 


TYPES TIP645, TIPG46G, TIP647 
P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


INDUCTIVE LOAD SWITCHING 
— ly = Faw thew More AP 
t 


sv.) 
aut 
veutTsot 


(5) Ve MONITOR 


SS vosi- 10v9 


GAUICTOS 
= vourace 


Venera -- W- -- -  e 
"OTE A Input Oulse width Is Increased until! = -1,.42 A, 
: ab aera FIGURE 2 
TYPICAL CHARACTERISTICS 
STATIC PCAN AAD CURALNT TRANSIT RA RATIO CASE (MITTEC® VOLTAGE 
7 Pi 

COLLECTOR CURAINT CASE TEMPERATURE 

jee Se 
> 
i 3 
; i 
i 5 
: | 
i rs 
2 ¥° 
‘ J 
“A-OAOB Ww Nim iswis 
He Cotontor Carseat A Tc - Came Tempe eters "C 
FIGURE 3 FIGURE 4 
SMALL SGMAL COMMON EMITTER 
COLLECTO@ CUTTER SATURATION VOLTAGE Foa@aso besten TRANSFER RATIO 
S 
CASE TC UPL MATURE FREQUENCY 


PE te 2 eae Tae 
-04 Lh: 
-1$-80.73 0 7 SO 76 100 17 180 5S 
Te- Coe Tomneratere ‘C 
FIGURE 6 FIGURE 6 
NOTES: 6, These perameters must be measured using pulse techaiquen ty ~ 300 us, duty cycle < 2%. 


7, These parameters are measured with voltege-senting contacts sepscate from the current-carrying contects and loceled within 0.125 
Inch from the device body. 


Done) Senet Sepnel Ferment Cortera frente Mateo 


> 
H 
3 
H 
H 
A 
5 
i 
4 
r 
3 
i 
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TEXAS INSTRUMENTS 2-273 


TYPES TIP645, TIP646, TIPG47 
P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUS COLLECTOR CURRENT 
vs 


COLLECTOR EMITTER VOLTAGE 


MAXIMUM COLLECTOR CURRENT 
vs 
UNCLAMPED INDUCTIVE LOAD 


40 


Vcc = 20V 
Rea2 > 1002 


<<, < Te «25°C 

a7 = See Figure 2 

g = i | {ft 

5 = 

& -2 g 

3 S 

2 E 

—€ -4 3 

= 3 

E_o7 x 

z = i 

7,-0.4 & rT pt 

ar = ul! i ; ! 

See Note BL ua 
-02 geet th i i 
-10 ~20 ~40 -100 -200 -400 0.4 1 4 10 40 =100 400 
VcE—Collector-Emitter Voltage—V L~Unclamped tnductive Load—mH 
FIGURE 7 FIGURE 8 


NOTE @ Above this pont the sote operating ares Nex 601 Deen Cofined. 


THERMAL INFORMATION 


CASE TEMPERATURE FREE AIR TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


. Agi < PCAN 


4 
i 
1 
‘ 


P7-Maximum Continuous Device Dissipation—W 
Py—Maximum Continuous Device Dissipation- W 


QO 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200 
Tc—Case Temperature—°C Ta—Free-Air Temperature—"C 
FIGURE 9 FIGURE 10 
Th com=ar qrseme esp respentbelite fer esp aitderts shows 
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TELAS ONSTRUMENTS RESERVES THE HIGHT TO Man CHANGES AD ant? 
IW ORDIE 10 IMPROVE DISIGN AND 10 SUPPLT THE BIST PRODUCT POSE 


TYPE TIP2955 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTOR 


FOR POWER AMPLIFIER AND HIGH-SPEED SWITCHING APPLICATIONS 
RECOMMENDED FOR COMPLEMENTARY USE WITH TIP3055 


© 90 Watts at 25°C Case Temperature 
@ 15 A Rated Collector Current 


mechanical data e 62.5 mJ Reverse Energy Rating 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Vottage a ae he DSc ae de Se a ihe es ARS Care ohare eh ee cer nena tase -100 V 
Collector-Emitier Voltage (See Note ” ii, asa: ee yeckehs Nar ar tS AE Bead APOE Eee sae oh ae ee -70V 
Emitter-Base Voltage 6 6 ww ee .oc7v 
Continuous Collector Current © 6 2 we ee -15A 
Continuous Base Current ek ks cd pe hs BE aS a tek Sey tae esa hy A ea etal oe eg eae a -7A 
Sate Operating Region at (or below) 25° c ‘Case Temperature 2. 6 6 ee te See Figure 5 
Continuous Device Dissipation at (or below) 25°C Case 

Temperature (See Note 2) 6 ww 90 W 
Continuous Device Dissipation at (ar below) 25°C Free-Air 

Temperature (See Note 3) wel ee Blah, Be Oa mara ae ee gh OR, Sm. FS, Bae ee 3.5 W 
Unclamped Inductive Load Energy (SeeNote4) 6 6 6 ee e 62.5 md 
Operating Collector Junction Temperature Range 2 6 2 ee ee ~65C to 150°C 
Storage Temperature Range wg ww : -65°C to 1s0"¢ 
Lead Temperature 1/8 Inch from Case For 10Seconds 2... ee ee 260°C 

NOTES: 1. Ths velue applies when the base-emitter resistance Age = 100 i. 


1 

2. Derete linearly 10 150°C case temperature st the rete of 0.72 W/°C. 

3. Derate linearly to 160°C tree-air temperature at the rate of 28 mW/*C. 

4, Thit rating Is besed on the cepabliity of the transistor to operate safely In the circult of Figure 2, L = 
Vee2 7 OV, Ag © 0.1 B.Vee = 10 V. Energy = ic2L72. 


20 mH, Raga® 100 N, 


ee 
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TYPE TIP2955 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTOR 


electrical characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS [min max] 
ViIBRICEO Collector Ermiter Breakdown Voltage Ie* -30mA, 1g 0, See Note 5 [-6o | 
IceR Collector Cutott Current Voce: ~70V, Age = 1002 | 


'cEO Collector Cutotf Current 


lcev Collector Cutotl Current Vee * —100V, Vag 15V ie) 
'e BO Emitter Cutott Current Vea -7?V. tc: 0 | =| 
Vee: -4V. Ic —4A, See Notes Sand 6 
Vee -4V.  Ice=-10A, See Notes 5 and 6 
Baw-Emitter Voltage Voce -4V, I¢*-4A, Sce Notes 5 and 6 
ig» -400 mA, Ic - -4A, See Notes 5 and G 


|_20 70) 
=z) 
ee) 
tg? -33A,  I¢--10A,  SeeNotesSand6| ——--3 


hee Stane Forward Current Transfer Ratio 


VCE (sat) Collector-Emitter Saturation Voliage 


UI-Segnal 7 Ema 
Small-Siqnal Common Em-tter Sawn Aopen: 
Forward Current Transter Ratio 


Small-Signat Common-E mutter Fonvard Current Vee’ -4V. len TA, See NIG 
Transfer Ratio Cutoft Freavency 


NOTES 5, These parana 


Mutt be Messcred Lpag Duite techniques ty JOO ws, duty cycle S 2% 


$e Meade WIN vOrTAge sensing CONTECIS Separate from the current carrying Contacts and located within 0 175 
inch trom the Gevice body 

7. tate 1 IMe Frequency at whch tne magn.tude of the small signal forward current transfer ratio 16 707 of 18 low frequency verve 
For this device, ine 


ence Meastement sy mode at Ver 


thermal characteristics 


PARAMETER 
Rgsc Junction-to-Case Thermal Renstance 


Roya Junction-1o-FreeAu Therma! Resistance 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS! [tye [unrs| 


Vecioi4V. A= $0, See Figures 


"Voltage and current values shown ere nominal, exact vaiuet vary BLgMily with transistor parameters. 


—— ee TTTEEnEEnITEEmmmdnr ame EERE 
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TYPE TIP2955 


P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


Note NOTE 


INPUT MONITOR 


TEST CIRCUIT 


MOTES. A. Vogy is @ 30-V pulse (from 0 ¥) Into @ 60-1 termination. 


Sco a 
Sear oe ete 
as a eons 
Vest -14V— 91 bated 
; i 
ton doef baton —of 


Il 
mn ' 
ourruT 
cat 


VOLTAGE WAVEFORMS 


8. The Voen waveform Is supplied by @ generator with the following characterimics: t, < 16 ne, YS 16 m8, Zour = 801, ty > 20 us, 


Outy cycle © 2%, 


C. Wavetorms are monitored on an oscilloscope with the following cherectertstics: t, < 18 na, Ain, > 10 MQ, Ci, < 11.8 BF. 


. Resistors must be noninductive types. 


mo 


FIGURE 1 


. The dc power supplies may require sdditional bypassing In order to minimire ringing. 


INDUCTIVE LOAD SWITCHING 


ig Monro" 


Vasie Ov = 


TEST CIRCUIT 


MOTE A: Input pulse width Is Increased until logy © —2.6 A. 


FIGURE 2 
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TYPE TiP2955 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTOR 


TYPICAL CHARACTERISTICS 


STATIC FORWSAD CURRENT TRANSFER RATIO 
ws 
COLLECTOR CURRENT 


THERMAL INFORMATION 


DISSIPATION OERATING CURVE 


bre ~Statec Forward Current Transter Mana 


Py -Maxsmum Continous Device Dissipation W 
wu 
° 


oUt sabinte 
0 25 so 75 100 125 150 


-0.01 -004 -01 -Of -1 -4 10 


te -Cobects: Crest -A 
FIGURE 3 
TES: 5, These osrameters mis: be Ce Se ter eed 
Techn aves. ty * JOO ns. res 2h. 
6. These parameters ate messes with voltage 
sensing Contects separete from ine current 
carrying comtects e"d ioceted w.inn 0.125 
Inch trom tne device Dody, 


To~Case Temperature -"C 


FIGURE 4 


MAXIMUM SAFE OPERATING REGION 


ee 


| 


aa ee ee 
tet Sager 

-a} z asa ext 
\ty* 30008. d°01= 1 Soo TT 
—2 ita 13,0201 ° 10% 


ty, 10 ms, d= 0.1 © 10% | THA 
—1 | OC Operation . 


1¢~ Collector Current A 


10 20 =-40 


VceE-Collector-Emiter Voltage-V 


FIGURE 5 
NOTE 8 This combination of maeaimum voliage end Current mey be achieved Only rehen aviching from saturation ta cutolf with # clamped 
inductive load - 
TL casnet automa ony 
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IK ONDER TO IMPROVE DISIGN AND 19 SUPPLY THE GIST PRODUCT 


TYPE TIP3055 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTOR 


FOR POWER AMPLIFIER AND HIGH-SPEED SWITCHING APPLICATIONS 
PLASTIC-CASE REPLACEMENT FOR 2N3055 


e 90 Watts at 25°C Case Temperature 
e 15 A Rated Collector Current 


mechanical data 


THE COLLECTOR IS 1N ELECTRICAL CONTACT WITH THE MOUNTING TAB 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Coliector-Base Voltage ww 100 V 
Collector-Emitter Voltage (See Note 1) Satan! ey he erences fo ee aioe: BPG Ei cbee ts tap sen stig a hr 6-8 70V 
Emitter-Base Voltage. 1 ww ke 7v 
Continuous Collector Current 2 6 1 1 ee ee ISA 
Continuous Base Current wi A ek el I a ogee se tae ei ee se ate aE OR eta Oe 7A 
Safe Operating Region at (or below) 25° C Casa Temperature 2. ee See Figure 5 
Continuous Device Dissipation at (or below) 25°C Case 

Temperature (Sec Note 2). www SOW 
Continuous Device Dissipation at (or below} 25°C Free-Air 

Temperature (See Note 3) ee eat se EA ae al en nie al ee BE ge ho ee Sa lee 35 W 
Unclamped Inductive Load Energy (SeeNote4) 6 we ee 62.5 mJ 


-65°C to 150°C 


Operating Collector Junction Temperature Range 2 2 2 2 ee es i B 

Storage Temperature Range www 65°C to 150°C 

Lead Temperature 1/8 Inch from Case For WSeconds 2. 260°C 
NOTES. 1. This vatue applies when the base-emitter resistence Age = 100 11. 


1 
2. Darate linearly 10 160°C case temperature ot the rate of 0.72 W/C. 

3, Osrate linearly 10 180°C free alr temperature at the rate of 28 MWC. fal 
4, Thie rating Is besed on the capability of the trensistor to Operete tately In the circult of Figure 2, L = 20 mH, Agaz 


Vea2° OV, Ag* 0.1 2,Vec = 10 V. Energy © I¢2L 2. 


ee 
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TYPE TIP3055 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTOR 


electrical characteristics at 25 C case temperature 


PARANE) 


tar Emitter & 


VigRiceo Coll Berne oe 
Icer Collector Catosl Current 


tg 0. Ser Note 


Age 1008: 
CEO Cotestor Catal Current iN ig 0 
lcev Collector Coroft Current ie Vee -1SV 
i'Eao Eriiter Cutott Current I¢ 0 
i IG 4A, See Notes Sand 6 
| NEE Stave Forward Current Traasfer Reto aa 
| te 104. See Notes § and 6 
Vee, Bare Emitter Voltage Ie 4A, See Notes 5 and 6 


I¢ 4A, Sce Notes S andG 


1 
Cot! Emeter Satergton Velteaz 
| Veeisan olector- Emitter Saturation Ve'tea SEES FEETEY SENoIN Sand 


Small $1919! Commor-E mitter 


Forward Current Trans! 


SmatSigrat Common Emre: Fownyd Current 


t iv, ay. Ion TA, 
hte Transiee Rano Cutott Frequescy [cece c 


Vee -4V. 0 IGT A, {7 VkHe 


Raise 


See Note? 


NOTES: 5. These parameters must be Measured uting pulse techniques. ty, - 300 ws. duly cycle & 2. 


G. There perameters are Measured with voltage sensing Contacts teparate from the current Carrying COMtacts, 
7 Ite 1 the frequency at which the msgmtude of tne small signal (onward current transfer ratio 14 0.707 of ts tow frequency value 
For this device, tne reference meusutement 13 made at 1 kHz 


thermal characteristics 


PARAMETER 
Rese Juncuon-10-Case Thermal Res:stance 


Raga Juncton-to Free-Ait Therma! Resistance 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS! 


Turn-On Time Ic =6A, 1911)" O.6A, Iga) - -0.6A, 
Veetotth* -4V, RL °5M, See Figure 1 


1 Voltage and current values thown are Nominal. enact values vary shghtly with teanustor paramoters, 
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TYPE TIP3055 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTOR 


PARAMETER MEASUREMENT tNFORMATION 


wane 


W984 wgia 


Aner 100 


4 1. 
outer 
7 
=vee- wv 

ves: tev 
AQust FOR 
Vons eval 
eur MONITOR 

TEST CIRCUIT VOLTAGE WAVEFORMS 


"OTs Ay Vgon is 2 -J0-¥ pulse (from Q V) Into # 60-2 termination, 
B. The Vgon waveform is suppliod by s generator with the following charecteristics: 1, < 16 ns, y < 16 rm, Zou, 50M, ty = 20 ys, 
duty cycle 2%, 
C. Waveforms are monitored on an oscitloscope with the following characteristics: ty S 15 ns, Aj, > 10 MM, Cin < 11.8 pF. 
O. Resistors must benoninductive types. 
- The dc power supplies may require additional bypassing In order to minimize ringing. 
FIGURE 1 


INDUCTIVE LOAD SWITCHING 


23a— 
couactor 
CURRENT 

0 


'eMOMITOR — Vigcrn= {=~ -p- = = — - = 


1 
COLLECTOR 


vourat 
Ayr oln ret 


' 
i) 
Vopr (ov = 1 
' 


TEST CIRCUIT VOLTAGE AND CUARENT WAVEFORMS 


NOTES: A. Lt and L2 aro 10 mH, 0.11 M1, Chicago Standard Transformer Corporation C-2688, of equivatent. 
8. Input pulse width le Increased until [ou = 2.8 A. 


FIGURE 2 
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TYPE TIP3055 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTOR 


TYPICAL CHARACTERISTICS THERMAL INFORMATION 
STATIC FORWARD CURRENT TRANSFER RATIO 
eortecioe CURRENT D:SSIPATION OERATING CURVE 
1900 >—- -— 
Vee sav 
700 to 28C 


400 [Sec Notes 5 and 6 


= 


al 
AG 


hgeE —Static Forwatd Current Ratio 


Py. Maximum Continuous Device Dissy 


acy 


. pape as 
OOi> “0.0403. Os : : ) 28 50 75-100 «s«175——«S'8O 
S¢-Collector Current-A Tc-Case Temperature—C 
FIGURE 3 FIGURE 4 


NOTLS: 4. Theso parameters must be Memeted ot:ng pulte 
vecnniques, ty, = 300 ps. duty cycle S 2%., 
G These parameter ate Messered with voltage 
tenting contacts seporete from the current 
cortying contacts, 


MAXIMUM SAFE OPERATING REGION 


Wwe ims. d*01¢ 10% 
3° 01= 10% 


Ice Collector Cursent A 


Vee -Collector-E mutter Voltage-V 
FIGURE 5 


NOTL 8. This combination of maximum vollage and current may be achieved enly when seitching from saturation to cutoll with e clemped 
inductive 1090 


perpen belity fi 
ey are bere trem p 
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TETAS INSTRUMENTS RISTEVES Tat MIGHT TO MAKE CHANGES AT 
IN OROLE TO IMPROVE DESIGN AKO 10 SUPPLY THE OCST PRODUCT 


SERIES 18X170 = 18X175 
HIGH VOLTAGE FAST RECOVERY SILICON RECTIFIERS 


Varm — 60 V — 500 V 

Tr — 250 nSec Typical, 350 nSec Max 

IF(av) — 1.04 

Exceptional Efficiency at High Frequency, Operates up to 150 kHz 
Intended for TV Linescan Applications 


mechanical data 


zbsolute maximum ratings at 25 °C ambient (unless otherwise stated) 


1§X170 1$X171 1SX172 1$X173 1$X174 1SX175 
Repetitive Peak Reverse Voltage 10 mSec Duration, 


-§5°Ct01759C . 2... wee + GOV 100V 200V 300V 400V 500V 
Non-Repetitive Peak Reverse Voltage, 10 mSec” 
Duration, -559C to +1759C . . .. . . BCOV 100V 200V 300V 400V 500V 


50V 7SV 100V 200V 300V 400V 


Crest Working Reverse Voltage, —55 9C to 5175 oc. 
50V 7SV 100V 200V 300V 400V 


Continuous Direct Reverse Voltage, —55 9C to 175 OC 


Average Rectified Forward Current, -55°C to+450C . . . 100A 10A 10A 110A 10A 104 
Continuous D.C. Forward Current, —55 9C to +45 °C 15A 15A 15A 115A 154A 158 
Repetitive Peak Forward Current, -55°C to +2590C. . . . SA 5A SA SA SA 5A 
Non-Repetitive Peak Forward Current, 1 Cycle at 50 Hz, 

av26eoc l,l, ee ee es BOA 3OA 30A BDA BOA BWA 


55 OC to 175 OC 
-55 0C to 175 9C 
-55 OC to 175 9C 


Ambient Operating Temperature ‘Range 
Storage Temperature Range 
dunction Temperature Range . 


LL 
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SERIES 1SX170 = 18X175 


HIGH VOLTAGE FAST RECOVERY SILICON RECTIFIERS 


electrical characteristics at Tamb = 25 °C (unless otherwise stated) 


PARAMETER 


UNIT 
tR Maximum Reverse Current at Rated Vq 10 HA 
Iq Maximum Reverse Current at Rated VR and T3mp = 100 OC 150 HA 
Ve Maximum Forward Voitage Orop a1 Ip = 1A 1.2 Vv 
Ur Maximum Reverse Recovery Time at lp © 05 A, Va = 30 V, di dt= 25 Aus 350 aS 
{See Figure 1 and Note 1) 
Iyp Maximum Reverse Recovery Current at lp 70.5 A, VRQ = 30 V, ci/dt = 25 Ais 3 A 
NOTE 1: Details of ty, at spacite operst-ng Cond LOMs, Other IN3N those quoted can be obianed if requisite information is forwarded to GP 
Product Marketing. Bestord. 
REVEASE RECOVERY METHOD FORWARD CURRENT DERATING 
OF MEASUREMENT CURVE 
ee es seo wep - 
$1 8) . : : 
at = r 
8: 
as 
12° 
jn---0 
. a 1 (Aa) 
z 
ra £ 
3 8 
— i = é 
_ 2 
Hy 
C4 
bee 
| 
H 1 
0 eames sengpericl Spee 
io om we wm we 
amp.ent Temperature + lamp 
FIGURE 1 FIGURE 2 
S.1. 3 on aiectra mechonical twitch 
R.1, and L.1, ore adjusted to give adi = 25 Apa 
AI. ina non inductee 182 current shunt 
A.2. is adjusted to give lp O05 A 
The output wavelorm it monitored on orcilloscops 


connected across R.3. 


RS 
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LTMUM ENTE ALL FTO MARE CHANGES ATE 


v rag arst mont! 


TYPES 2N1595 THRU 2N1599 
P-N-P-N DIFFUSED SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


1 AMP DC e 60 to 400 VOLTS 


“mechanical data 


THE AmDOT 15 (8 ELECTRICAL 
CONTACT WITH THE Cie, 
+5 mu 
Tumryaaryet THE GATE TERMINAL 15 
COMMECTER To A P REGION 


ALL JTDEC 1-3 BIBER ORS 


3 as AND MOTES ARE APPLICAILE 
BiTAat OF OUTLING I oo a, 


Teh 10md OPTIONAL 


*abtolute maximum ratings over operating case temperature range (unless otherwise noted) 


[2N1606]2N 1600] 2N 1807|2N1508]2N 1599] UNIT| 
Sts. Off-State Voltegs, Vo— (See Note 1) | 60 | 100 | 200 | soo | 400 | Vv | 
| Repetiuve Peak Off-State Voltage, Vp AM (See Note 1) | 60 | 100 | 200 | 300 | «oo | Vv | 
_ Seve Reverse Voltage, Vp (See Note 1) [eo | too [ 200 | 200 | 400 | v | 
| Secatitve Peak Reverse Voltage, Vann (See Note 1) | 60 [ 100 | 200 [ 300 | «00 | v | 
| Conuncous or AMS On-State Current at (or below) BO°C 
Cam Tarmpareture (See Note 2) 


Avorn On-State Current (180° Conduction Angle) at (or below) 80°C ee 
Cam Temperatura (See Notes 3) 


Surpa On-State Current (See Note 4) 


Oparating Cass Temperature Ange 86 wo 126 


Storege Temperature Range 
Lend Temperature 1/16 Inch from Case for 10 Seconds | 


NOTES: 1, 


ee apply when the gatecsthod tance ign <=. ‘ 
@ applies for continuous d-c Operation with realative load. Above 80 'C derate according to Figure 1. ‘ea 
3. This value mey be epplied continuously under single-phase, 60-Hz, half-sine-wave operation with resistive lod. Above BO C derats 


Thee eerie fe je voliage and 
4, Thane velues apply for one 60-Hz half sine wave when the device le opersting at (or below) reted velues of peak revere a 


on-state current. Surge may be repeated after the device has returned to original thermal equillbrtum, 


red dete. This data sheet contains all applicable registered date In effect at the time of pubiicetlon. 


Se 
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TYPES 2N1595 THRU 2N1599 
P-N-P-N DIFFUSED SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


“5 St 
te St. 
'37_G 
Vst 6 
he H 
v7 8 


*IEOEC reg stores core 


PARAMETER 


Vp : Aste Vo. 
| Vq = Rated Va. 
\ Van 6V. 


[test conpiions ___ Win Maxon] 


1g +0. Te-175c [| 


Ig «0. To 125C 1 


[ra | 
wig) 7a] OL ma] 


AL 1262. 
AL 128, tpgiezom] af 
ig 0 [35 a] 


THERMAL INFORMATION 


MAXIMUM AVERAGE ANODE POWER DISSIPATION 
“ 


AVERAGE ON STATC CURRENT 


Tylag) Moaamum Average On State Cuteot A 


Pata) Maximum Average Anode Power Dissipated We 


IT (av) Average On-State Current-A 


FIGURE 2 


eT 
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Ty Stene OF State Current yA 


TYPES 2N1595 THAU 2N1599 
P-N-P-N DIFFUSED SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL CHARACTERISTICS 


STATIC OFF-STATE CURRENT STATIC REVERSE CURRENT 
“ “ 
CASE TEMPERATURE CASE TEMPERATURE 


Vp © Rated Vp 
Ig +0 = 


Ig—Static Reverse Current—pA 


mt 
Hh 


1 0.001 
-75 -$0 -25 oO 25 50 75 100 126 -75 -60 -25 0 25 50 75 100 128 
Tc -Case Temperature—"C To—Cese Temperature—"C 
FIGURE J FIGURE 4 


HOLDING CURRENT 
w 
CASE TEMPERATURE 


ty-Holding Current—mA& 


Tc—Cose Tempersture—"C 


PIGUAE 6 
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TYPES 2N1595 THRU 2N1599 


P-N-P-N DIFFUSED SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL CHARACTERISTICS 


GATE TRIGGER CURRENT 
“ 


CASE TE*PERATURE 


GATE TRIGGEA VOLTAGE 
“ 


CASE TEMPERATURE 


VaacéV Vaa"6V 
ALA128 RL 2122 
t Ipig) » 20 87 1 > tig) > 20 ns 
é ae r 
8 s 
S = 
& = 
é 8 
— re 
oO 
? > 
os -$0 -25 0 ri 60 76 «100 126 
Tc-Case Temperat.-e—°C To-Case Temperature—"C 
FIGURE 6 FIGURE 7 
GATE VOLTAGE 
“ 
POSITIVE GATE CURRENT 
10 
fd 
3 
> 
g 
a 
0 
o 
> —S 
— 
io 
Cr _ 
0.1 0.2 0.4 0.7 1 2 4 7 10 20 40 70 100 
wig—Posnve Gate Current-mA 
FIGURE B 
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TYPE 2N3055 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTOR 


FOR POWER-AMPLIFIER APPLICATIONS 
© 115 W at 25°C Case Temperature 
© Max Ic of ISA 

e@ Min fre of 20 kHz 


‘mechanical data 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS tN ELECTRICAL CONTACT WITH THE CASE 


one e mak 
tome vos 


DIMENSIONS ARE IN INCHES 


‘absolute maximum ratings at 23°C case temperature (unless otherwise noted) 
Collector-Base Voltage . . . . OOS alte Sa see a Gee Slat Se. gird! wey LIOOY: 
Collector-Emitter Voliage (See Note ) Oo fa tae Be Per tetera ee Si ae sole Se USE A ow 70V 


Emiter-Base Voltage . . 6 6 we et ee ee ee ee ee ee 7v 
Continuous Collector Current 2 6 6 ew ee ee ee 1S A 
Continuous Base Current. . . ot can Sic  -as 7A 
Continuous Device Dissipation at (or below) a5*c Cane erapaoliee (Seed Note ° 2) oe ee. TSW 
Operating Case Temperature Ronge we we ee ee ew we OSC to 200°C 


Storage Temperature Range. «6 1 we ee ee ee we OSC ta 200°C 
lead Temperature % Inch from Case for 10 Seconds. 6 we ee ee ee ee we 285C 


AITEL 1. Thit value applies when the bese-omitior sasistane yy = 100 02. 


1. Docate lacarly te 200°C cease lempereivre at the cate of 0.66 W/deq. 


“ted sales JUOEC ropltiored date 


SE 
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TYPE 2N3055 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTOR 


‘electrical characteristics at 25°C case temperature (unless otherwise noted) 


| PARAMETER ] TEST CONDITIONS | MIN MAX | UNIT 
Vimicio Collector-Emitter Breakdown Voltage | te = 200 mA, ty ~ 0, See Note 4 | 60 
[ Ymca Collecor-Eminer Breakdown Voltage | 1c ~ 200 mA, Bx ~ 10092 1 70 
lao Collector GutoH Current | Vor = 30¥, Ip -- 0 
Ver = 100¥, Ye = -1S¥ : 
lev Collector CutoHt Current ihc aes ee ane eee 
{ Yeu = 100¥, ¥, -IS¥, To -- 150°C 
tuo Emitter Cutott Current i Yu =7Y, le = 
H Vou — 4¥, k= 4h, See Notes 3 ond 4 20 
hes Static Forwcrd Current Transfes Ratio —————_ --- - -..- En eke h eee 
‘Vea = 4¥, le WA, See Notes 3 ond 4 i 5 
Ve Bate-Eminer Voitoge Va = 4¥, le = 4A, ; See Kotes 3 ond 4 4 
“Te = 400 ma, Ie = 4A, See Notes 3 ond 4 Wl 
| Vous  Collector-Emitter Saturation Voltage + nee sagt is a Shy 
[y= 334, Ie — 104, See Notes 3 ond 4 6 
Small-Signat Common-Eminter ar - Solna rep oe 
bee Forword Current Transfer Ratio : Ya - 4, Ie =A, (> VkHr 5 @ 
Smoll-Signot Common-Emirter | = ail 
hy Forward Current Tronsfer Rotio Vo 7 4% Ile VA, See Note 5 10 kit 
| Cota frequency Uns eke Won oe ne 


WOTES 2 Theve pormmeten mat be momied wang suite Techmigees ', - 100 ps, duty ertle < 1%, 
4 These pacer 

3 Inte 
evewrerert 1 meee al} AME 


Peatred wt ealtogeserirg tartans sap 


em the 


abcartying contact 
1 070) of att tow frequency valor Fer this device, the refe@u 


nthe ty Ot wich Be magestece of Se ural cigtal fe Hensler 


“lraicater DEC sop.ttered date 


thermal characteristics 


{ PARAMETER "MAX UNIT 
| 6x. Junction-to-Cose Thermel Resistance 1.52 deg/W 
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2N3375 
SILICON NPN VHF POWER TRANSISTOR 


67a 


@ Distributed Wafer 
© = Interdigital Construction 
© Integrated Diffused Emitter Ballast 


mechanical data 


\ 
10/32 NE.2A- 
Thread 


Av amensans are in mm 


* absolute maximum ratings at 25 °C case temperature (unless otherwise noted) 


Collector-Base Voltage. 2 2 1 ee ee ee ee ee ee «BEV 
Collector-Emitter Voltage (Ig =O) 2 2 6 ee ee ee ee ee ee ee OV 
Emitter-Base Voltage ©) ) wk ee kee eee 40 
Continuous Collector Current 2 6 6 ww ee ee ee ee TGA 
Continuous Base Current. ww ee ee ee ee ee ORDA 
Continuous Dissipation. 2 2 ww we ee ee . 11.6W 
Operating Temperature Range «1 1 1 we ee ee ee ee ee | BS OC to +200 90 


* Iracates Jedec Regttercd Oars 


Caution 

4‘ T0-60 headers incorporate Beryllium Oxide which is a toxic white material. Suitable precautions shoul-J be taken by all 
personnel handling these devices; in particular, those for disposal should not be thrown out with the general waste. In the event 
of the oxide being exposed or broken, avoid contact with the skin or inhaling of the dust. 


A service is available to customers for disposal of expended units. These must be individually wrapped securely packed and 
cleasly tabelled, and returned to the VHF Power Department at Bedford. When requiring disposal of broken units, which must 
fot be sent through the post contact the above department for advice. 


FAELIMINAAY DATA SHEET 
Sandementsry dota may be 
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2N3375 
SILICON NPN VHF POWER TRANSISTOR 


* electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN MAX UNIT 
LVcEO Collector-Emstier Breakdown Voltage ies 200mA. Ig*0 Seo Note 1 40 v 
Icgo Collector-Base Cutoff Current Vcp + 30V. le +0 Ot mA 
'cB0 Cotlector-Base Cutoff Current Vop>65V. Ig-0 05 mA 
IcBo Collector-Base CutoH Current Vep730V. le =90, Tce = 180°C 0.2 mA 
‘eBo Emitter-Base Cutoll Current Vep?4v. Io=B 0.1 mA 
bee Static Forward Current Transter Ratio Veer sv, t¢ = 150 mA See Note 2 12 
hee Static Forward Current Transfer Ratio Vee" 5¥. Ic * 250mA = See Note 2 10 100 
VCE (sat) Collector-Emitier Saturation Voltage c= O.5A, IprO1Aa See Note 2 oO 0OUV 
Cobo Common-Base Output Caoacsisnce Veg = 30v, Ig = 0, f= 1MHz 10 pF 
Pout RE Power Output Voc=28V. f+ 400MHz, Pin=IW 3 vi 
Ne Collector EMficiercy Veo" 28V. © 400MHz, PiIN=1W 40 % 
Pour RF Power Output Veo =28V. f= 100MHz, Py 1.5 W 7.5 wv 
Ne Collector Efficiency Vec* 28V. f= 100MHz. Pin «1.5 65 % 

Linear Derating Factor Veer ISV. Ig = 775mA 66 ree 


NOTES 1, Pulte Test. Pulse Duration S 10 ps. Duty Cyc'e 2%. 
2. Pulse Test Pulse Ourat.on % 300 p56 Duty Cyc'e G2. 


* (ndicates Jedec Regteod Data 


TYPICAL POWER OUTPUT va PONER INPUT TYPICAL POWER OUTPUT vs FREQUENCY 


tamer Ce a: 


ts Ome 


othe 


Power cutoct - Walls 


Coltector etfecency 
Pomet output - Walts 


if ae ae ede ° o. 
ow os or) 1S 
Comer mot watts 


FIGURE 1 FIGURE 2 


2-292 TEXAS INSTRUMENTS 


2N3375 
SILICON NPN VHF POWER TRANSISTOR 


TYPICAL POWER OUTPUT vs SUPPLY VOLTAGE TYPICAL hj, vs FREQUENCY 
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FIGURE 6 
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2N3375 
SILICON NPN VHF POWER TRANSISTOR 


ABSOLUTE MAXIMUM AREA OF OPERATION 


SAFE AREA OF OPERATION Tease = 25°C THERMAL DERATING 


139 Se oe 


Amps 


Power deralng lactor 


Collector current 


Tersperatur: 


FIGURE 7 


FIGURE 6 


To establish the apsoluie maximum area of operation for this device it is necessary to apply deratings both for case temperature and voltage. 
proceed as follows: 

a Establish mean device dissipation and heat sink dimensions to determine the device working case tomperature. 

(2) Read off the Power Oerating Factor from Fig. 7. 


(3) Multiply esther voltage or current rating green by Fig. 6 by the Power Derating Factor This gives the volt-amp. (1.6. power) rateng undar 
the given conditions. 


NOTE uDjeCted to BOwer Pultes Of single NON-rapetitive Mature ODEration 15 sale al Deak Dower levels greater [han the 
at107 a8 thewn in Fig. 6. 


In particular unger class Bor C AF op In, when Dower Dulse Widths ore o small fraction Of the thermal uma coMmstant, ditspat o> 
13 irnited only By Ihe maximum tnermal resstance 


TYPICAL PULSED [hje! vs COLLECTOR CURRENT TYPICAL Cogo vs COLLECTOR-BASE VOLTAGE 
Made ss MES oe 
\ 


‘s/ Ty ~y . 
‘ | , tater 
i 
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bd . 
Ome see “ 5: 
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‘ 
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! 
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Cotectee Current Eros Collector. base -ollage 
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TE AAS NSTALULNTS MLSLAYEE TE RIGHT TOMAR 
6 OBTER TO LWYPROVE OL EIGN AND TO LUPPLY THE 


TYPES 2N3418, 2N3419, 2N3420, 2N3421 
N-P-N EPITAXIAL PLANAR SILICON MEDIUM-POWER TRANSISTORS 


HIGH-FREQUENCY MEDIUM-POWER TRANSISTORS 
Formerly TIX3033, TIX3034, TIX3035, TIX3036 


© High-Power Dissipation in TO-5 Package: 15 watts at T, = 100°C 

e Low-Leakage Current: 0.5.4 at max voltage 

e Low-Saturation Voltage: V erie = 0.25 v max ot 1, =1 a 
© High ¢,: 40 Mc min at 10 v, 100 ma 


mechanical data 


These transistors are in precision welded, hermetically sealed enclosures. Extreme cleanliness during the 
assembly process prevents sealed-in contamination. The approximate unit weight is 1.8 grams, 


“THE COLLECTOR IS 1m ELECTRICAL 
CONTACT WITM THE CASE. 


ALL JEDEC 10-5 DIMENSIONS 
AND WOTES ARE APPLICABLE. 


Dara OF OUTER on 
‘Pert LOrd Orton al 


aN3v418 aNMiy 


‘absolute maximum ratings at 25°C case temperature (unless otherwise noted) 4N3470 0 IN342T 
Collector-Base Voltage . . . DP hy Gay en O8 ea ee ta Ne ve 85v 123¥ 
Collector-Emitter Voltage (See Note 1) pecans ai aaNet eigen eho  e:. Mee rs Oy 80v 
Emitter-Base Voltage. 1 ww ee ee ee EO BV 
Collector Current, Continuous. ©. 6 ee ee ee ee ee ee EO DO 
Collector Current, Peak (See Note 2)... 2 6 ee ee ee ee ee OO SG 
Bose Current . . Gite Fh cihe othe Sa, dae Wie tae era al ee ee el, oe Re Oe 
Safe Operating Region ans . « See Figures @ ond 9 


Total Device Dissipation at (or below) 100°C Cove Temperature (See Note 2 -. + bw 
Total Device Dissipation at (or below) 25°C Free-Alr Temperature (See Nole 4). . <—- lw ——> 


Operating Case Temperature Ronge «1. 1 ee ee ee ee OSC to 200°C 
Storage Temperature Range . . . woe ee ee ee we BEPC to 200°C 
Lead Temperature Xs Inch fram Case for 10 Seconds coe ee ee 8 wo 3 ME 230°C —> 


ROTES: 1. These valves apply when the bess-emilter diede Is opee-circelied. 
2 Th pling tee PWS 1 muee, Buty (pte <S WR. 
J. Derale Tissarly te POOL core temperatese ot the rate of O15 w/C*, 
4, Derets Ilasacly te fOO°C free-air lemperelore at the cals of S72 me/(°. 


“ledbiates JEDEC roglitered date. 


nnn 


TEXAS INSTRUMENTS 2.295 


TYPES 2N3418, 2N3419, 2N3420, 2N3421 
N-P-N EPITAXIAL PLANAR SILICON MEDIUM-POWER TRANSISTORS 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


IN3408 


aN3419 2N3420 


PAGAMITER TEST CONDITIONS 


Collector mutter 
Ureadtows Voirage 


oo tg Shea, y=. See Mares 


Veg Ms, Wg Ose 


Yoqy = 1% y, 


Cottodter Cotelt 
Comment 


Crutiee Cotolt 
Conwt 


Pathe forved 


Base-Emiiter 
Volage 


Sea Mores Sond @ 


Coleuter Later 
Sateration Vaitoge 


Anat Speed 
1 (owner Emutter 
Fereord Cermt 
Treat! 


Voy NOs, We TFs TA 


Connon tow 
Com Oren Corea 
Ovtpet Coperizence 


Veg = Wy, == 8, t= 1h 


ROTES 5. Teme peremretye mort be memset wung pelte leche ques Pat WO prec, Duly Cycle 


6, These pereme’ we memered w. 


voltage-serting ceotects located 025 ie from ihe 


seperate fron corres: tentyeg coructs 


"switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONSt UNIT 
Tum-On Time Ve == Vo, Iary = 100 ma, tyr) = —100 mo, 
Tum.Olf Time Veiorn = 37 9, = 201), See Figure 10 ac 


le = 20, Ign) = 200ma, Ins) = —200 mo, 
Vator = AZ vB ~ 2021, See Figure 10 


Tum-0lf Time 


PVoliage and coreens volves thews ors sarusa!, svect valees sory sleghily wish Lrens.ster pal 


“ladecates EDLC « 
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TYPES 2N3418, 2N3419, 2N3420, 2N3421 
N-P-N EPITAXIAL PLANAR SILICON MEDIUM-POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO STATIC FOR WARD CURRENT TRANSFER RATIO 
“ “ 
COLLECTOR CURRENT COLLECTOR CURRENT 


tA TNaa18, NGAI =” me ares 
“IEE son ave 


TN See Notes 7 ond 8 ull See Notes 7 ond 8 


160 


| 
[| 


(i UK TTT 
| INCU 
| 


LTT NN TT 
j SE RATH 


ll 
ett ct I = MM 


Min bee CJ 
SOMES tH tt 


by — Stotle forward Current Tromifer Ratlo 
hog — Stotle Forward Current Transfer Ratio 


ies Pl 


8.07 00. OD 1.0 3.0 10 
Ig — Collector Current —o I¢ — Collector Current —o 
FIGURE | FIGURE 2 
COLLECTOR -EMITTER SATURATION VOLTAGE COLLECTOR-EMITIER SATURATION VOLTAGE 
ve “ 
CASE TEMPERATURE 1.0 CASE TEMPERATURE 


2NHM2, 2NI421 


INI418, 2NIAN9 
5 See Notes 7 and & 


See Notes 7 ond 8 


QJ 
a Bs 
I 
Max Veetar) 9 
Ig * 200 ma, Ie = 20 
Max Vetta) oF 
= Ierte 


Mem Vee tne) of 


Vet tro) — Collector -Cmitter Saturation Voltoge — v 
Vet tron — Collector-Emitter Saturation Voltoge — v 


C) ° 
-75 -50 -25 0 Tae 40 75 100 TratT = 175 75-0 -25 0 2% SD 75 100 125 150 175 
T¢ —— Cane Temperature — °C Te —~ Cose Temperature — °C 
FIGURE 3 FIGURE 4 


ere mearersd wring polie lechalquer, PY —= WO prot. Doty Cycle <S MM. 


O Separate vetlege-vensisg oad corcent-tartylog contacts wore ried. 
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TYPES 2N3418, 2N3419, 2N3420, 2N3421 
N-P-N EPITAXIAL PLANAR SILICON MEDIUM-POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


C Dem BALE COM CCIE INPUT AD OL EACT CAPACITANCE 


3 
$ 
t 
1 
2 
> 
’ 2 9 3 ) 
MOMwAL IED COL ESTA MUTT MEAT Dee OUTAGE Carer be romp me 


BA Le MS slat 


re Tr, TY 
fae - beet te fetes — oe 


ou? 


MAXIMUM SAFE OPERATING REGION 


tg = Coltertar Comet = 0 


? 9 2 
vce — Collenter-bmiter Volga — © 
Nout ® 
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TYPES 2N3418, 2N3419, 2N3420, 2N3421 
N-P-N EPITAXIAL PLANAR SILICON MEDIUM-POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


TEST CIRCUIT 


VOLTAGE WAVEFORMS 


[20.9v | -16.0v -1.04) 
[Lo.sv | -32.0+] -1.34] 


CIRCUIT CONDITIONS 


FIGURE 10 


The input waveform Is supplied by 2 generator wiih the following choracterlitica: t, S15 nsec, ty S13 nsec, 


Zor? 50M, PW 2ysec, Doty Cycle $2%. 
Wovelorms are monitored on on oscilloscope with the following choracterintice: t, $1S asec, Ry, 210 M2, Cy SUS ply 


c. Reslitors mutt be non-Inductive types. 


NOTES: a. 


a 
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TYPES 2N3418, 2N3419, 2N3420, 2N3421 
N-P-N EPITAXIAL PLANAR SILICON MEDIUM-POWER TRANSISTORS 


THERMAL INFORMATION 


CASE TEMPERATURE 
and 
FREE-a1 TEPAPERATURE 
DISSIPATION DERATING CUS vES 


P, — Maximum Total Device Disslpation: 
vs Free-Air Temperoture — tenth of walt 


7 Oo 28 50 7s 106 «1281S 145 200 
Ta or Te -= Temperoture — °C 
FIGURE It 
_SYMBOL DEFINITION 
eet Pe PS. § Atta 
DEFINITION. VALUE 


Kvrage Preet Dus 


re teow Dinipetien 


Five Therma! Resisten: 


Caw Temperate 


Jenction Tempe-eters 


Peat Jveciien Tewperstare 


Paah Power Coathiciest 


K — Peok-Power Coellicient 


PEAK -POWER COEFFICIENT CURVE 


Ty teas — Te 


Primos! 9)-¢ 


to — Pulse Width — mec 


FIGURE 12 


up Eqeotion Re, 1 — Applicotion ac pawer dissipotion, 


Beal rah wsed. 


\stergy — Ta 


; toe 0G SH SMO, 
8s.¢ + Oc.ns + Ous.n 


Paes 
Naval an ie Figuee 19 
Equetion Ke, 2 — Application. €-¢ paves dlulpetion, 
ne Root sind wted. 


Vy 


5 = Sa tor CST, SO, 
Tergh 


Oy, ot le igere 1 


Cqvetion We, 3 — Appliation: Peek proet dissipation, 
teal sink oud. 


Pree = for 100°C Te Smee 


Gcns + Onsalt 8 Os.6 


Lqeation Me, 4— Application: Peek power dinipetion, 
ae heat sek ered. 


Jama yee Sm 


?, 
Time — | ©6e.n FE Oye 


OPERATING CONDITIONS: 
Gees + Orseg = EC Je {Frem inlormation rappliod 


with heat sik } 
Vyrong | (eetige Hieais) = mC 

Ty = we 

= 10% (0.1) 
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011, Peot-Powor Coatflelant 
1 == 0.155 ond by me of equation Me. 3 

Nament — Ta 
ems + Owal + FOsc 
a OM 2 
Prtmast = 9.1 (7) + 0.155 (667) 


time = 


TETAS INSTRUMENTS RISERVES THE RIGHT [Q MAKE (WANGES AT AST 
IN ORDIZ 10 IMPROVE OLSIGN AND 10 SUPPLT THE BEST PRODUCT PO! 


TYPES 2N3439, 2N3440 
N-P-N SILICON POWER TRANSISTORS 


HIGH-VOLTAGE POWER TRANSISTORS 
DESIGNED FOR INDUSTRIAL AND MILITARY APPLICATIONS 


© Min V(BR)CEO of 350 V (2N3439) 

@ Max VCE{sat) of 0.5 V at Ic = 50mA 
e Min fT of 15 MHz at 10V, 20 mA 

¢ 1A Continuous Collector Current 

e SWatTc=25°C 


“mechanical data 


DETANS OF OUTLINE [IN 
THIS ZONE OPTIONAL 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


2N3439 2N3440 
*Collector-Base Voltage 2... 2... i ee ne eee Bak Sih ee Haas eis: 450V 300V 
“Collector-Emitter Voitago (SeeNotel) 2... ee 350V  250V 
*Emitter-Base MONRRGE i 8 eee cee eer fa OE cee te ew aay ee eee age ae eee —7)Vv— 
“Continuous Collector Current. 6. ee —1A— 
Peak Collector Current (SeeNote2) . 6. 6 ee ee —15A— 
“Continuous Base Current 6 2. 05 A—— 
Safe Operating Area at (or below) 25°C Case Temperature... 2 es See Figure 5 
* Continuous Device Dissipation at {or below) 25°C Case Temperature (See Note3) . . . . . 5 Ww 
"Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) . . . . *——1W—e> 
Operating Collector Junction Temperature Range 2. 2 1. ee 65°C to 200°C 
“Storage Temperature Range 6. et ~65°C to 200°C 
“Lead Temperature 1/16 Inch from Case tor 10Seconds 2 2. ee — 255°C —> 


NOTES 1, These values apply between 0 end 60 mA collector current when the base emitter diode ls opencircuited. 
2, This value applies for , < 0,3 ms, duty cycle © 10%, 

2. Ocerate linearly 10 200°C case temperature at the rave of 26.8 mW/C. 

Oe noarly to 200°C free-ale temperature at the rate of 6.71 mv. 


“JEDEC registered date. This date sheet contains all applicable regitiered dete In effect at the time of publicetion. 


> 


TEXAS INSTRUMENTS 2-301 


TYPES 2N3439, 2N3440 
N-P-N SILICON POWER TRANSISTORS 


electrical characteristics at 25 C case temperature 


PARAMETER TEST CONDITIONS 


VigRicaO Collector Baw Breakdown Voltage Ie SOOLA te 0 

“VIBRICEO Collector-E mutter Breaedown Voltage Ic 250mA, ig: 0. See Note 5 
ie) 
°o 


Veg WOV. tg - 
“lcpo Collector Cutoff Current 

Veg TS0V. Ie - 
Emitter Cutoff Current | Vea-6¥. I¢- 0 
Static Forward Current Transter Aatio [| Yce 10V, Ic 20mA, Sec Note 5 
jer Voltage | tg 4ma 1¢ S0mA_ See Note 5 
Collector-E mitter Saturation Voltage ' Ig: ama, 1¢ SOMA, See NoteS 


[a 160-6 | 
a 


‘Small Signal Common-E matter 


Vee 
Fonsard Current Transter Ratio 


Sma}l-Signal Common-E mitter 


. vy, ov, 1 
hel Forvatd Current Transler Ratio ce c 


Common.Base Open: Circuit 


| 
“Cobo Output Capacitance | Veg-10V. te 0, t.1MHe 

I 

I 

| 

} 


Common Base Open Curcut 


Input Capacitance 
Alea! Part of Smal'-Signat 


” Vv, 10V. tco75mA, fe tM 
beetreall Common-€ mitte: Inout Imoedance ce cee 


NOTE 5S These parameters must Le Measured arg pelt: technaees ty, JOO ws. duty cyclo". 2%, 


*hermal characteristics 


PARAMETER 
Rouc Junction to: Case Therma! Resstance 
Roya Junction to Free Aut Thermal Resstance 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS! 


Tutn-On Time | te 100 ma, tay1) 10mA, Iga) 7-10 ma, 
Turn Of Time '  Veeion = 4.9¥. AL 2kit, | See Figure 1 


TVoltege and current valuer shown are Nominal, @23C1 values vary Bhghily wath transistor patamoters 


*JEDEC registered Gate 
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TYPES 2N3439, 2N3440 
N-P-N SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


>) INPUT 
@ MONITOR 


RL -2kn 


OUTPUT y 


Ves1 7 11V 

ADJUST FOR 
Von = 6.7 VAT 
INPUT MONITOR 


NOTES: A, Ven is @ ~30 V puke (from 0 V) Into @ BO-M termination, 


G, The Vaan waveform Is suppiled by # generator with the following cheractaristics: ty < 15 m8, 49 S15 ns, Zous © 50 11, ty = 20 ws, 
duty cycle © 2%. 


C. Waveforms are manitored on en oscilloscape with the fallowing characteristics: tp S 15 8, Aig » 10 MM, Cin < 11.8 pF. 
D. Rosisiors must be noninductive types. 


E. The dc power supplies may require additional bypassing In order to minimize tingling. 


FIGURE 1 


TYPICAL CHARACTERISTICS 
STATIC FORWARD CURRENT TRANSFER RATIO COLLECTOR-EMITTER SATURATION VOLTAGE 
“ “ 


COLLECTOR CURRENT CASE TEMPERATURE 


I [ig=20 mien oma | oT _| 
| | | Te 


1 el 
CTT ATI 
UIT TN UT 
Ul 


hee —Static Forward Current Trensfer Ratio 


VCE (at) —Collector-Emitter Saturation Voltage—V 


1.04 
-75 ~50 -25 0 25 80 76 100 126 160 175 
to-Collector Current—mA Te—Cese Temperature—"C 


FIGURE 2 FIGURE 3 
NOTE 5: These parameters must be messured using pulse techniques. ty = 300 ys, duly cycle < 2%- 
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TYPES 2N3439, 2N3440 
N-P-N SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


BASE-ENITTER VOLTAGE 

“ 
CASE TEMPERATURE 
er T i ie mt pray STs) 
Ig ip - Veer 2v! 
— en “" SeeNoies 7% 


- 200 mA 


> 
: 0.7; ——_- — 
§ 06 L 
= O5-—I¢ + 50 m4 --4 
é H 
Pe 
0.4; ¥ a 
2 Ug Io 7 5 ma 
w i . rT 
= 
> 02 soe -- | 
0.1 at Pree Comat | 1 


tect oe =| 


-75 -50 -25 0 25 50 75 100 125 150 175 


Teo Case Temperature-- C 
FIGURE 4 
OTL S These parameters mutt be mens red ut 79 Cuite techniques. ty * 300 st, duty cycle = 24s, 


MAXIMUM SAFE OPERATING AREA 


—[r 
rs 


; D-C OPERATION 


¥¢ Collector Current- mA 


VE —Collector-Emitter Voltage -V 


FIGURES 


Th server assne oty responecbiletp bey 


fect user they ore hee bom pe 
TEAS INSTRUMENTS RISEN VES THE RIGHT TO MAKE CHanGts AU 
th GPOLR [0 WwPROE OLSIGN AND TO SUPPLY THE BUST PRODUC! 
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2N3553 
SILICON NPN VHF POWER TRANSISTOR 


LAI 


HIGH GAIN DAIVER FOR 28 V FM APPLICATIONS 


e 2.5 Wat 175 MHz 
@ Minimum Gain 10 dB 


mechanical data 


All dimensions wo mmm 


absolute maximum ratings (Tease = 25 °C) 


Collector-Base Voltage. 2 6 we ee ee ee ee ee «GN 
Collector-Base Voltage (Ip =O) 2. we ee eee ee AON 
Emitter-Base Voltage 2 6 6 we ke ee 4v 
ContinuousCollector Current 6 6 ke ee ee ee ee (OBEA 
Continuous-Base Current 2. 2. ee ee ee ee OTA 
RF Power Dissipation Po Gaye nan ame Be pS. Wh, ty mea vee ea ein EC soe. tS? Late] oe ecaeette, OE Ia aay 7w 
Operating Temperature Ranga . we we ee ee ee ee ee 65 OC to +200 9C 


Storage Temperature Range 2. 2 1. ww ee ee ee ee ee ee we 65 OC to +200 9C 
Safe Operating Region (SeeNote1) . . . . Se et th BO tite OB ae ve alge GE a en Rigel Bc 
Pin Temperature for 10 secs max (See Note2) 2 2 6 6 6 ee ee ee ee ee 2K 


NOTES 1. Soo Tones Instruments Application Note 167 on Second Breakdown and Power Trans.ator Ares of Operation. 
2. At distances 1/32 inch from hermetic eal. 


PRELIMINARY DATA SHCET 
Sapplomentary dala may be 


watted at as later date. TEXAS INSTRUMENTS 2-305 


2N3553 
SILICON NPN VHF POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature (untSs otherwise noted) 


PARAMETER TEST CONDITIONS 
LVcEO Collector-Emitter Latching Voltage Ie = 200mA, Ig <0 See Nore 3 
LVcEA Collector-Emutter Latching Voltage I¢ = 200mA, Age = 1002 -See Noted 
lego Emitter-Base Cutoff Current Veg fy, Ic 70 
IcEO Collector-Emitter Cutoff Current Vee *30V. Iped 
Vce+30V. Vee~-15V 
r . - ° 
Icex Collector-Emutter Cutoff Current Vce = 65V. Vee *—1.5V Te = 200°C 
; I¢ = 250mMA, Vee SV 
hee Static Forward Current Transfer Rano Ic *125mA, VeeeSV See Note 4 
VCE tsar) Collector-Emmtter Saturation Voltage I¢ 2 250mA. Ig > 50mA 
Common-Base Open-Corcurt : Z 
Cobo ‘Ouigut Chgschnce Vep=30V. Ig =9. (2 1MHz 
Small Signal Common-Emutter : 
Ite: Forward Current Tranter latio Weta mAs. Veg 28... Pet0O MMe 
Pout RF Poveer Output Vec*28V. Pine 250mW f+ 175 MHz 
Te Collector Efficiency Vec*28V. Py, 250 mW, fe 175 MHz 


MIN MAX UNIT 


40 

40 
o1 
01 
5 
1 

5 8 
200 
1.0 
12 

4 

25 


v 
v 
mA 
mA 


mA 


vi 


NOTES 3. Measured using puso techaraue duty cycle S2 4, pulse width 5 ps. 
4, Meavured using puite techn que, duty cycle 2%. pulse veitth & 300 ps 


2-306 TEXAS INSTRUMENTS 


2N3553 
SILICON NPN VHF POWER TRANSISTOR 


Nee cipal 


ee fonk a od 
vee 28 : 
teh May 
—n, 
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Pomer autpet - wate 


TYPICAL POWER OUTPUT vs POWER INPUT 


Dower input - wats 


FIGURE 1 


TYPICAL CHARACTERISTICS 


| WE a2ee 


TYPICAL POWER OUTPUT va FREQUENCY 


TYPICAL POWER OUTPUT vs SUPPLY VOLTAGE 


Coy) 
Pn how 


| 
4 -|----—+ 
( 
2. wee —-—— 
a ee 
| ; 
i : 
Glee ae l 
a nr ir.) Ft) Et 


Coteclor - Emviler supply voltage 


FIGURE 3 


Frequerey - vrs 


FIGURE 2 


TYPICAL hy ve FREQUENCY 


FIGURE 4 


Imaginary te + 
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2N3553 
SILICON NPN VHF POWER TRANSISTOR 


ABSOLUTE MAXIMUM AREA OF OPERATION 


SAFE AREA OF OPERATION Tcase - 25°C 


THERMAL DERATING 


SS aye 


Collecion curreal- Ames 
Power aerating factor 


FIGURE S 


Temperature - °% 


FIGURE 6 


To establish the absolute maximum area of cperation for this device it ts necessary 10 apply Varatings both for case tomperatuse and vollese 
wocecd at follows 


i} Establish mean device disspation and heat sink dimensions to determine the device working cute lemperature. 
” Read off the Power Derating Factor trom Fig. 2 


3} Multiply either voltage or current rating given by Fig. 1 by the Power Derating Factor. This gives the volt amp. (i.e. power) rating under 
the given conditions. 


NOTE Winere the device ot sub,ected to Bcwer Dultes Of shortar Duration than the thermal lima constant, Operation is tate at peak pows 
leve's greater han ine OC wale o:e3 of operation 


Ie particular under clazz Bor C AF operation, wren power Dulse widths aro 8 small traction of the thermal time constal 


disepat 2° 
ts Lente On'y by the maamum inermal resstiance. 


TYPICAL PULSED jtyel vs COLLECTOR CURAENT TYPICAL Copo vt COLLECTOR-BASE VOLTAGE 


"cea Se | 47 
(2 , 
oi — 
f 
raat te =. Sah, 
H 2 
2 6 ; 
3 & ! : 
3 Cais P : acre 
Ez i 7 
~ ae — = | 
i 
i . i i H 
| : | : : 4 : 
oO. ets Res a ate eee ‘ e! | | | Bi a 
0 08 0” ow 026 om Om ° ” 20 5) Co 
Collector Current - args Collsctor - vase voltage 
FIGURE 7 FIGURE 8 
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TYPES 2N3583, 2N3584, 2N3585, 2N4240 
N-P-N SILICON POWER TRANSISTORS 


HIGH-VOLTAGE POWER TRANSISTORS 
DESIGNED FOR INDUSTRIAL AND MILITARY APPLICATIONS 


e Min V(BR)CEO of 300 V (2N3585, 2N4240) 

© Typ VCE(sat) of 0.25 V at ig = 125 mA, Ic =1A 
© Typ ton of 0.2 ys, at 750 mA, 200 V (2N4240) 

© Min fT of 15 MHz at 10 V, 200 mA (2N4240) 


e 35 Wat 25°C Case Temperature 


*mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


SEATING PLANE 


o-oo 
0.250 


0 145 A MAX 
BOTH ENDS 


2 HOLES 
ALL DIMENSIONS ARE IN INCHES 
ALL JEDEC 70-46 DIMENSIONS AND NOTES ARE APPLICABLE 


Collector-Base Voltage 2. 1 we 
Collector-Emitter Voltage (See ‘Note 1) 
Emitter-Base Voltage 2. 2 1 2 we ee ee 
Continuous Collector Current 

Peak Collector Current (See Note 2) 
Continuous Base Current 


Safe Operating Area at 100°C Case Tempereture ...... 2.2. 
Continuous Devico Dissipation at {or below) 25°C Case Temperature 

(See Note 3) tame Bye Pata sacha da ge ba SE Ao bat Ss Say sae 
Continuous Device Dissipation : at 100° C Case Temperature 

(See Note 3) BOT Bs dey, 1 OE Rca oe oes Be eaten! Bt Ge 
Continuous Device Dissipation at {or below) 25°C Free-Air Temperature 

{See Note 4) ne iy Wodb ch tae CML ty te oR Se ta feng 
Operating Collector Junction Temperature Range... 2 ee eee 
Storage Temperatura Range «ww ww 


Terminal Temperaturo 1/32 Inch from Case for 10 Seconds 


NOTES: 1. This valu appilos when the bare emitter diods ls open circuited. 
2. This valuo appiles for ty, < 0.3 ms, duty cycle < 10%. 

J. Derote tnoarly to 200°C case temperature at the rate of 0.2 WC. 
4. 


|. Darate liraarly to 200°C tree-alr temperature at the rate of 11.4 mW/C. 


2N3583 2N3584 «2N3585 =2N4240 
250V" 375V" so00v" 500V* 
175V° 250V" 300V° 300V" 
<«—_ 6 v’ —_——___» 
1ae 2a° 2A° 2A° 
5A‘ SA‘ 5A° 5A 


<<. —_ 1 A‘ ——_—____» 
<———_—_——- See Figure 5 ——_—__—_»> 


._—_——_- 2 ——____> 
<4———_ -65°C to 200°C ° _—_» 
<a—— - 65°C to 200°C° __» 
<+—_—____ 235°C*___p» 


"JEDEC regitterad date, This data sheet contalne sll applicable registered date [n effect at the time of publication, 
el 


TEXAS INSTRUMENTS 2-309 


TYPES 2N3583, 2N3584, 2N3585, 2N4240 
N-P-N SILICON POWER TRANSISTORS 


“electrical characteristics at 25°C case temperature (unless otherwise noted) 


[_2nssaa [ 2nases | zuzsas | 2nazeo | 
PARAMETER TEST CONDITIONS 


MIN MAX| MIN MAX| MIN MAX] MIN MAX) 
ViBRICEO! lo 2 ma, igs 0, SeeNoteS {175 250 300 300 
Bremuons Voliage I 


{ 

1 

‘ 
; Col'ector Cutott Ie iso Veta 20 10 | 
Ee Current | Nee ibe i : 


| Voce 205 V. Vg + -15¥ ' | 
i 

' 

j 

H 

{ 


Coliector Emitter 


‘Vee OV, Vpes -15V i } vw 


t 


Collector Cutott 


'cev 
cee Current 


=15V, Te«150C! 3 1 | 


Emmet Curott 
‘eso 


Current 


SeeNores  ——<—$— 7; 
Vee BaseEmiter Vor i 


Conta Em ster 
Sn. 
Sma Spyro 


See Notes 
Sang6 


7 No tage 


comme En 


Vee NV. 162 OTA, fe rkez 75 350 | I 


4 
te Formers Curtest i ! 
Tracstes Bato J i ‘ : : : 
ee 
Sar -Sywr ! | | 
Commer En ! 
‘tel Veer 12V. igs OTA | te SMe 2 a 


Forward Oloeet 


Transter Sar 


NOTES $S. Theue parame" 


~arben 


Bae OS O47 Da 'be tech #320 eb. outy eve S 2% 


wenarate fro Se Current-cerrying CONLECTS Bd lOCaTed wim 0 2S 


6. Trew parameters 


eas lres wth es tage ee 


Strom the Gey ce Dose 


"eC OES reg stoves Care 


thermal characteristics 


Junction to-Case Therma Res rrance 


PLRAMETER MAK UN'T 
c 


Juntos to-Free Au Theme. Besstence 


ee 
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TYPES 23583. 203524 202585, 284248 
W-P-8 SILICON POWER TRANSISTORS 


*switching characteristics at 25°C case temperature 


PARAMETER 


sees 
bed ARES 
: 


1¢ + 0.754, 


[is Storoge Time id ia. 
Belem * ~43¥. 


: 
t 
: 
if 


2 Voltage and current values shown ere nominal, exact valies vary Sagrty wt Teeter arereter. 
*JEQEC registered date 


PARAMETER MEASUREMENT IN FCEM2 CN 


VCLIAGE MA\JEFORMS 


GRCUIT CONDITICNS 
NOMINAL Ic ast Fem AL 


= Stu moc} 
Vep1~ 10V asa sac |) ws rt 
ADJUST FOR 
Von * 8.5 VAT 
INPUT MONITOR 


TEST CIRCUIT 


NOTES. A. Vogy In a -20-V pulse (from O V) Into » 80-9 termination. 
B. The Vosn wavelorm is supplied by @ generetor with following cherectensnce. ty SS q te 61S me, Zou * OG. ty 20 ae, 
duty cycle < 2%. 
C. Waveforms are monitored on an oscilloscope with the following chasecteriance: ty < 19.74 Ain > 10 ME, Cin S149 BP, 
D. Re fs must be noninductive types. 
E. The dc power tuppiies may require additional bypassing in order to minimize ringeny. 


FIGURE 3 


Henne n nen 


TEXAS INSTRUMENTS 2-311 


TYPES 2N3583, 2N3584, 2N3585, 2N4240 
N-P-N SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


2N3883 
STATIC FORWAAD CURRENT COLLECTOR-EMITTER 
TRANSFER RATIO BASE-EMITTER VOLTAGE SATURATION VOLTAGE 
va wi ve 
COLLECTOR CURRENT COLLECTOR CURRENT COLLECTOR CURRENT 
—— 
, Vertes 
pom ; 
i wits condos t 
; 
” : i 
} : 
cs a “ge : 
A a Me a on c ; 
as 1 2 
i 3 5 
aed = $ 4 
Fo 3 
an aE ETE 3 
OOF OO? Cha OF O02 Ca oF! %. a 001 O02 OG COO 02 Os oF 8 oor OO? 004 Oorot Oo? oa ore 
nate tines vesexientenesd ig: eect 
FIGURE 2 FIGURE 3 FIGURE 4 


NOTES: 5. These parameter 1. De Memured using Dulse techniques. t, > J00 us, duty cycle S 7%. 
6, These parame Measured with voltagesensing contacts separate from the current-carrying contacis and loceted within 0.125 
inch from the device DOdy. 


MAXIMUM SAFE OPERATING AREA THERMAL INFORMATION 


OISSIPATION DERATING CURVE 
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FIGURE 5 FIGURE 6 
Th conser onsme one tes 
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JUTAS CNSTRUMENTS HLSTOVES THE RIGHT TO Mane CHANGES 41 
IM ORDIE 10 IMPROV DISIGH AND 10 SUPPLY THE BLS! Protec! 


2N3632 
SILICON NPN VHF POWER TRANSISTOR 


870 


Distributed Wafer 
© = Interdigital Construction 
© Integrated Diffused Emitter Ballast 


mechanical data 


10'32-NF 2a. 
Ttwead 


AT g.mensons aren mm 


absolute maximum ratings (Tease = 25 °C) 


Collector-Base Voltage... foe Please Wat (ae paW Poiee aS eae See Whe ee ay Gat eee BEY 
Collector-Emitter Voltage (Ig > 0) 7 Brie Soe Nea TD > BO ae GRAS SR, Se Be Ae eS cel AO 
Emitter-Base Voltage 2 2 we ee ee ee ee HOV 
Continuous Collector Current a a tint ie soe Ra eens ae OG ak in pe RS AL ie SG, Le: wey 
Continuous Base Current 2 6 we ee eee ee eee OA 
Continuous Dissipation . A ae Paya: Hole oes We aa, Sin, Qoted ae te 2aw 
Operating Temperature Range toe Sd teh Sect, ase, a, ca okt ae ee Tay Se eee -65 oc to +200 oc 
Storage Temperature Range . . . 2 1. eee eee ee ee ee ee ee) 65 OC to +200 OC 
Lead or terminal temperature 1/32 inch from case for 10: SEE a ee ha Ht ea ee ae TID 


* Indicatas Jedec Raystored Oata 


Caution 


All TO-60 headers incorporate Beryllium Oxide, which is a toxic white material. Suitable precautions should be taken by all 
Personnel handling these devices; in particular, those for disposal should not be thrown out with the general waste. In the event 
of the oxide being exposed or broken, avoid contact with the skin or inhaling of the dust. 


A service is available to customers for disposal of expended units. Thess must be individually wrapped, securely packed and 
clearly labelled, and returned to the VHF Power Department at Bedford, When requiring disposal of broken units which must 
not be sent through the post, contact the above department for advice. 


a ETS 


PACLIMINARY DATA SHCET 
Suuplamentary dala may be 


pulser! aha. Velée: atae: TeExAS INSTRUMENTS 2-313 


2N3632 
SILICON NPN VHF POWER TRANSISTOR 


* electrical characteristics at 25 °C case temperature (unless otherwise noted) 


NOTES. 14. Pulse Test. Pulse Duration 5 


PARAMETER 


TEST CONDISTIONS 


LVcEeo 
LVCER 
'cex 
'cex 
‘cao 
'ceo 
'Eao 
hee 
NFE 
VCE (sou 
VBE 


ibtel 


Cobo 
Pout 
Ne 


Collector-Emitter Breaxdown Voltage 
Collector-Eminer Breakdown Voltage 
Collector-Emstier Cutoff Current 
Collector-Emitter Cutoff Current 
Collector-Base Cutoff Current 
Collector-Emitter Cutotf Current 
Emitter-Base Cutotf Current 

Static Forward Current Transfer Ratio 
Stauc Forward Current Transter Rauo 
Collectos-Emitter Ssturation Voltage 
Base-Emitter Voltage 

Small Signal Common Emuiter 
Forward Current Transfer Ratio 
Common: Base Output Copacitance 

RF Power Output 

Collector Etlciency 

Linear Deratng Factor 


Ig = 200 ma, 
ic = 200 mA, 
Vce « 30V. 
Vee > 65V. 
Vep 65 V. 
Voce ° 30 Vv. 
Veg=4v. 
Vee" 5vV. 
Vce= Sv. 
Ics 1a, 
Vee *5V. 
Vce * 28. 
Vea > 28V. 
Vec = 28 Vv. 


Vec + 28 V. 
Veer I2V, 


Ip 0 
Age = 1002 


VBE - -1.5V. 


Veg = -15V 
Ig =0 

1g 20 

Ig =0 

Ice 1A 

Ic * 0.254 
Ig e024 
Ion lA 

Ic = 025A, 
le 0, 

t= 175 MHz, 


(© 175 MHz, 
io* 192A 


See Note 1 
See Note 1 
Tc = 200 °C 


See Note 2 
See Note 2 
See Noe 2 
See Note 2 


f= 100 MHz 


{= 1MHz 
PINs 3.5W 
Pine 3.5W 


MIN MAX UNIT 


40 v 
40 v 
10 mA 
5 mA 
05 mA 
0.25 mA 
0.25 mA 
5 
10 150 
1000 
15 ov 
25 
a oF 
13.5 w 
70 % 


10 pb. Duty Cyclo G2%, 


2 Pulse Test, Pulte Quration S300 ps Duty Cycle 2%, 


* Indicates Jedoc Registered Onto 
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2-314 
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TYPICAL POWER OUTPUT vs FREQUENCY 


vege 2ay 
He vgune 


2 Tease bees 3 


Fomer epat- wane 


FIGURE 1 


“G 


1% 


& 
¢ 
6 
G 


3 


TYPICAL POWER OUTPUT vs POWER INPUT 


tcc + 28y 


Power outpt - Walls 


lhe be 
” 


TEXAS INSTRUMENTS 


Frequency - MME 


FIGURE 2 


2N3632 
SILICON NPN VHF POWER TRANSISTOR 


TYPICAL POWEA OUTPUT vs SUPPLY VOLTAGE TYPICAL [hig] vs FREQUENCY 
Bena eV gee TT 
te l7s Maz / : | Ie e2soma | 
fe. 
\ 
a ed 10 ————— ‘ 
1 
: 
. ee ee ene © 75. a2 
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FIGURE 3 FIGURE 4 
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FIGURE 6 
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2N3632 
SILICON NPN VHF POWER TRANSISTOR 


ABSOLUTE MAXIMUM AREA OF OPERATION 


SAFE AREA OF OPERATION Teae * 25 OC THERMAL DERATING 


Collector cutrent - Amps 
Poet derating tacter 


h 0 % un * 
Ce ett em ten 


Temperature = °% 


FIGURE 6 FIGURE 7 


To establish the absolute maximum area of cperation for this device it is necessary to apply deratings both for case temperature and voltage, 
proceed as follows: 


1) Establith mean device dissipation and heat sin dimensions to determine the devica working cose lemperature 
2) Read off the Power Derating Factor from Figure 7. 


13) Multiply either voltage or current rating given by Fig. & by the Power Detating Factor. This gives the volt-amp. (1.6. power) rating ure: 
the given conditions 

NOTE: Where the device it tubjec ted 10 Dower Du'tet Of O EeNgle NON rapetilive Nature Operation is sale at Peadk Power lovels greater than Ine 
DC sofo WON at shoven in Fig. 6. 
In part +B orC ARF operation. when power pulse waits aro a small fraction of the thermal tune conttent, diseparcy 
«limited Only Dy the Marimsm therma! resistance, 

TYPICAL PULSED ihye! vs COLLECTOR CURRENT TYPICAL Cogo vs COLLECTOR-BASE VOLTAGE 

Bn ee ee Te ee 697 ! H Mr 
| Voimny 


“0 
a 
° 
& 
3 
i0- 
\ 
i i 
i | i 
; i | | 
LAS, ( saee, (ates Raye eet eo nteetat yc ° : oS ig Dike ee 
*5 02 Oe 06 08 19 ° 5 0 6 20 fs) 3 
Colecter Currens (ames) Collector - base voltage 
FIGURE 8 FIGURE 8 
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2N3771, 2N3772, 2N3773 
NPN DIFFUSED MESA SILICON POWER TRANSISTORS 


Collector Current of 30 Amps 

Safe Energy Area Specified 

100 % Scope-Tested 

100 % Power Cycled 

AQL of 0.65 at LTPD of 5.0 

With MIL and JAN Specification availabe 


EO. 


Tesipe nt for Sacae 
Case lero 


Aba mamas ara mm 


absolute maximum ratings at Tc = 25 OC 


Collector-Base Voltage, Emitter Open Circuit 
Coliector-Emitter Voltage, Base Open-Circuit 

Emitter-Base Voltage, Collector Open-Circuit 

Collector Current 

BaseCurrent . 2... ia ign. in Ait gy ceWeet Oss Me el 
Total Power Dissipation . 

Operating Junction Temperature 

Storage Temperature Peer er ee ee 

Lead Temperature 1/32” from Seating Plane for 10s . 


Power Dissipation “ Tc = 25 °C up to 150 Watts 


2N3771 
SOV 
40V 
5V 
JA 
75A 


2N3772 
100 V 
60 V 
7V 
20A 
5A 
150 W 


2N3773 
160 V 
140V 
7V 
110A 
4A 


—65 to +200 9C or 
—65 to +200 °C ve 


235 OC 


VY OATA SHEET 


Laine hie TEXAS INSTRUMENTS 
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2N3771, 2N3772, 2N3773 
NPN DIFFUSED MESA SILICON POWER TRANSISTORS 


electrical characteristics at 25 °C case temperature 


2N3771 2N3772 2N3773 


AM AR wy 
PARAMETE TEST CONDITIONS MIN MAX MIN MAX MIN MAX ul 
Icev Collector Cutofl Current Voce -30V. Vege: -15V 10. 10 10 mA 
(base-emitter junction Te + 150°C 
reverse-biased) 

Icev — Collector Cutoff Current Vce®50V, Vege -1SV 2 mA 
(base-emitter junction Vee" t00V. Vee +-1.5V 5 mA 
reverse biased} Voces 140V, Vge~-15V 2 mA 

lepo — Collector Cutoft Current, Veg=50V. te-0 2 mA 
Emitter Open Vce*100V, Ig =0 s ma 

Veep? 140Vv. Ig 20 2 ma 
lEBO —_ Emitter Cutott Current Veg=5 5 ma 
Veg*? 5 5 mA 

VCEO{sud Collector-Emitter Open Base Ig = 0. Io = 200 mA 40 60 140 v 
Sustain Voltage 

IcEO —Calllector Cutolf Current tg = 0, Vee « 30V 10 mA 

1g > 0. Voce = 50V 10 mA 
Ig ° 0. Veg = 120V 10 mA 

hee DC Forward Current Ic = ISA, Vees4Vv 16 60 

Transfer Ratio Ie" 10A", Vce*4v 15 60 
ic 2 8A‘, Voce 4V 15 60 

hrE OC Forward Current Ice las, Vce=4V 40 40 40 
Transter Rotio 

VCE (sat) Colfector-Emirter Saturation Ig 215A", igeiSAa 2.0 v 
Voltage IgGs 10A%, Ign 10A 1.4 v 

Ics BA’, 1p OBA 40OC«Y 

i Se Se 

Vee Base Emitier Voltage Ics ISA, Voges 4a 27 v 

Ic 210A, Voce s4V 2.2 v 
Ic* Ba’, Voce" 4V 22 ~~ 
ee eee ee, see CN ie 
hte Magnitude of Common Emitter Veg © 4 V, Io elA, 
Small-Signal Short-Corcuit f=S0Ke 4 4 4 
Forward Current Transler Ratio 
hfe Common Eminer Smail-Signal Veer 4v. Ios 1A, 
Short-Circuit Forward Current = f= 1 Ke 40 40 a0 


Transfer Ratio 


* Pulte test, 300 [usec, rep. rete 60 cps. 


SS PS ETS 
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2N3771, 2N3772, 2N3773 
NPN DIFFUSED MESA SILICON POWER TRANSISTORS 


MAXIMUM OPERATING AREAS FOR TYPES 2N3771 & 2N3772 


100 (Cate terowrotre (Te eC Wormehized + 
(Curees ul be deroted Leworly 
lath ncreate in Temperctse) Multoter | 
30 te max Com (2NI771) Opes | 


Kerra PusseatangT,2NIII2) Pasea? (NITHINTTD/ | 


s 
° 


a 3 
2 a 
z 0 3 
: poe 
bd 2: 
a Re) 
3 ae 

mT 


tli 
$ 


Collector -10- Emntter Vonage (¥cE) -¥ 


MAXIMUM OPERATING AREAS FOR TYPE 2N3773 


I¢ - Collector Current -& 


Yee - Covector-Ermtier vonage - ¥ 


TEXAS INSTRUMENTS 


echt pda eee 
oeomine nr seta te wee rege 2-319 


180 AS a PARENTS REET AVES Pant BoGmT 1D Maat OOANGES AT any Tund 
WORT ATS REPROVE DESIGN AND TC BLOPLY Peal BEET PRODUCT POSALE 


TYPES 2N3846, 2N3847 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER APPLICATIONS 


150 Watts at 100°C Case Temperature 

200 V, 300 V Rated Collector-Emitter Voltages 
Max Verney of 0.75 V at 10 A I, 

Max Thermal Resistance of 0.5 deg/W 

e Min f, of 10 MHz ot 10 V, 1 A 


*mechonical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITK THE CASE 


ALC JEDEC 10-63 O:WEMSIORS 
AMD MOTES ANE APPLICAILE 


CASE VEMPEAATURE mEA- 
SURLAINT POLNT I$ UN- 
OLASIDE OF FLAT SuUaPACE 
WITHIN 0.123" f8Om STUD 


‘absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
2N3646 2N2847 


Collector-Bose Voltage. 2 6 1 ee ee ee ee ee ee + TOV OV 
Collector-Emitter Voltage (See Note 1). . 2. 2 1 1 ee ee ee ee we BOY = I0OV 
Emitter-Bare Voltoge 2 2 6 kw ee ee ee OV 
Continuous Collector Current. 2 6 6 ee ee eee DA 
Continuous Bose Current 2. . ee ee ee 1A 
Safe Operating Region at (or below) 100°C Case Temperature. . . . . - « - See Figure7 


Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 2). .<—— 150 W——> 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) .<—— 4W en al 


Operating Case Temperalure Range. 6. ee ee ee ee ee ee OSC t0 175°C 
Storage Temperature Range . 2. 2 1 ee eee ee ee ee + BEPC te 200°C 
Terminal Temperature \s Inch from Case for 10 Seconds © 6. 6 1 we ee 1 260°C — > 


BOILS 1. These values apply when the bers-cmitter diede ts opem-cicceited. 
L. Berete linearly te IPS°C cone tempurators of fhe role of 2 W/ dey. 
ot 16 6 aW/dey. 


3. Derete Itwnesty te 175°C trov-ete tumparutare of 1 


“Indiveter JEDEC raglieved date 
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TYPES 2N3846, 2N3847 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


Vieiceo Collector-Emitter Breakdown Voitoge[ Lc - 200mA, I, ~ 0, Sea Noted 
~T ¥eq 200%, ty 0 
Ye 300¥. 0 

300V, Ve 0 


Ree S00, Va - 0 


leso Collector Cutoff Current 


lets Collector CutoH Current a 300, Va Oe eee 
"Ver 400¥, Ve 0, Te ~ 150°C 
lavo Eminter Cutoff Current “TVs WOW. Ic 0 re 
Vo “4. Ie SA, See Notes 4ond5| 40 200 | 40 200 | 
Stotic Forward Current ‘Vee 3¥, te 10, See Notes 4 and 5 
he Tronster Rotio Vee 3¥, Ic 10M Te —$5°C, 
fat _ . See Notes 4ond$ 
Var Bose-Emitter Voltage Vor o3¥, tc WA, See Notes 4 ond 5 


See Hotes 4 ond 5 


Vesion  Collecior-Emitier Scturation Votioge | ty 16M, tc 
Smoll-Signat Common-Emimter i i 


hee forword Current Transfer Ratio a 
Smoll-Sognal Common-Emirter ae Ae ; . 
[ m Forword Current fronsfer Ratio Ver WO¥, te 0A EVM 


Common-Bose Open-Grevit 


Cone Output Copocitonce 


AOTES 4 Thete parameters mest be memered omg po'te teche Geet t ~° 300 at, duly crcle om 


3 These patomater: ore magtared wiry velsge-senses contacts separate fram t%e Corcentdadrping Contes 


thermal characteristics 


PARAMETER fd ee A __ [| MAX] UNIT 
63. Junction-1o-Cose Thermal Resistance 7 7 [ 0S deq/¥ 
[Ora Junction-to-Free-Air Thermal Retistonce SOP a eg ee al 75 


*tndscates JEOEC cogistared date 


TS 
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TYPES 2N3846, 2N3847 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


‘switching characteristics at 25°C case temperature 


Thes-eeitter valiegs and collector current valeus thews ore semise!; exert vulews very wlightly with Inmcitie: paremetor. 


WOTES: 


. thew 


*PARAMETER MEASUREMENT INFORMATION 


OUTPUT 
1OuF 
(NPUT 
Adjust =x 
omplitude 6A 
of input 
pulse 1. 
fort 2a ~ 
jor Ninn Vee 2.3¥ 
Adjust for 
Vein #72 A POINT “A® 
TEST CIRCUIT 
WO% 
POINT *A* 
o-4#----— 
10% | 


VOLTAGE WAVEFORMS 


form at paint “A has the followiag chovarteriiticss t, S 10B an, ty S 100 03,1, = 30 as, dety ore S OL. 


. 
b. Wavaforms ore maniteced on os ersillovcepe with the lellewing characteristics: t, S Fes, 0, 21,6, SS ph 
& 
‘ 


Resision must be manladectire types. 


| Tha et pawer sapplion may require odéitione! byperting In order to alaialze riagiog. 


“Indicates JEDEC reghiiored date 
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TYPES 2N3846, 2N3847 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 
“ 


COLLECTOR CURRENT 


Static Curward Current Tunsfer Patio 


le — Collector Current — A 


FIGURE 2 
BASE EMITTER OX TAGE COLLECTOR -[MITTER SATURATION VOLTAGE 
ay 
CASE Tererarust CASC TEMPERATURE 


—j F=f 


}-——J See Nores 4 ond 


os 
225A, te - 1S A 


Vey ~— Base-Emitter Voltage — V 


— Collector - Emitter Satyrotion Voltoge — V 


Vorten 


o 
75-50-25 0 2 SO 75 100 125 150 15-50-25. «0 
Te — Core Vemparanre — °C 


2 50 75 100 125 150 
To — Cove Temperature — °C 


FIGURE 3 FIGURE 4 


MOTES. 4. These paremoters must be moasured wring pulse tachaiques I = HO pu, Sotp cqele My 


J. These poverreless are musweted wilh velloge-tessing contents seperate fem (Ne catreatcgrtyiag (ontacts 
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TYPES 2N3846, 2N3847 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


NORMALIZED COLLECTOR- CMITTER BREAKDOWN VOLTAGE =COMMON-BASE OPEN-CIPCUIT INPUT ANO OUTPUT CAPACITANCE 
BASE- EMITTOR RESISTANCE REVERSE nas VOLTAGE 


~ 


0.6 


Mormalzed Collectar- (milter Breakdown Voltoge — Vancae 


0.4 
WTI TTT Ti 
Ha HH 
Unt i TT 
Q 
Ray — Bose- Emitter Rerisrarce — Revere Ba Voltage — ¥ 
figure 5 FIGURE 6 


MAXIMUM SAFE OPERATING REGION 


lg — Collector Current — A 


i} 2 4.9710 © @ 701K 70 4D 100 
Veg — Collectar-Emitter Voltage — V 


rlguas 7 


NOTES: 4. Tel poremeter const be mectered wulng polis Intmiquey: 1, == JOR st, Gory cycle sm. 
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TYPES 2N3846, 2N3847 


N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


THERMAL INFORMATION 


CASE TEMPES ATURE 
DISSIPATION DLE 


TING CURVE 


we 


3 130 
BR 
6 125 
5 
2 
£& 155 
z 3s 
§ 
=) 
€ 30 
i 
4 
= as 


5 Te) 125 41$¢ 


Te — Coxe Tercerarite = °C 
FIGURE 6 


SYMBOL DEFINITION 


SYMBOL 


DEFINITION 


Pree 


| resis Prwer Onipatien 


{Quewtian-te-Feee dit Teermal Qeysterre 
} tonat-on.te-Cora Thermal Menistonce 


Carte Free Ait Tsermal Retarerce 


Core-te-Maal Sirk Therma! Mesistemce 


Koot-finh-te-Free-dr Thermal Reisteme 


Feaa. Ait Temaeratare 


Care Temparetere 


Peak Jonction Temporalere 


fewer Cortticiont 


PLAX -POALR COEFFICIENT CUP VE 


p —: Peak Power Creflicrent 


Pulse aidth in my 


Dut yecycle ratio 


Thermal time .anstont 


0.2 04 1 2 4 7:10 
te — Pulte Width — ms 


20 


FIGURE 9 


[qvetion Me) — Appticorion 4¢ power @nuipetion, 
heot sink ated, 


Tater — Ta 
O10 + Bem + Omran 


ter WOO" Te << 178% 


Pacey = 
os in Figuia 8 
Cqcation Ke, 2— Application. 6-¢ power dutipation, 
eo heal sink pred, 
Tar — Va toe °C S Ta SIM 
on 


Equation No, J — Appliation Peak pewar 
beet sinh pied. 
Tyee 1 
Pree = alla hint ter 100°C < Te S 1% 


40cm + Ona) i HO 


Equation Mo. 4 — appli 
ne heal iek wied, 


ion: Pak power 


lye = 1 
Primeey = —— tee 25% Sta < 178% 
(bea bh LBe 


Find Pr jmeay (en 
OPERATING CONDITIONS: 


Bem + Goya = 25 dog /e (Fron ishermolion nuppiied 


lini) = 175% 


10%, (0.1) 


= Olas 
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Solution 


From Figues 9, Pesk-Pewer Coaitici 


= 0105 and by use of 
ae Tijent — Ta 

6 (cm Gara) FW Orc 
Prime) = adalet a Ww 


“CUES TF 0105105) 
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oF sepreseet iner they 


TEXAS (HSTRUMENTS BCSURYES TRE RIGHT TO MARL CHANGES Al dat 
1H ORO[H TO HMPROVE DISICN AND TO SUPPLY THE BIS! PRODI FX! 


2N3866 
SILICON NPN VHF POWER TRANSISTOR 


7 


VHF/UHF MEDIUM POWER AMPLIFIER 


© 1 Wat 400 MHz with 10 dB Gain 
© Distributed Construction 


mechanical specification 


ne § me =e 


Au d.mennons arom mm 


absolute maximum ratings (Tcase = 26 °C) 


Collector-Base Voltage... we ado a A ae oi ee ee hte he tle ee ate ae A SEY 
Collector-Emitter Voltage (Ig = Oo). a. ebytidin te muse Seeceat Semen s. ey rete coy tin Gt etie atsa has AS vOM, GION: 
Emitter-Base Voltage 6 6 6 we ee ee ee ee eee TEV 
Continuous Collector Current 2 6 we ee ee ee ee ee ee ee OFA 
Continuous Base Current 2 1 ww wee a2 BE gyeed Tee ce! Teh ge Sa. ve ee, Bae a8 SC se a OA 
Continuous Dissipation. 2. 6 6 1 wee ee it) aio SW 
Operating Temperature Range. 2 1 ww ee ee ee ee 65 OC to +200 9C 
Storage Temperature Range . . . Bee ee ee ee ee eee 65 OC to +200 OC 
Lead Temperature for 10 seconds max. ‘(See Note 1) shatter ae ee epee ae GL See, le aca? Me ak w = 25D OS 


NOTES 1. Ata distance # 1/16 incn from hermetic seal. 


a a EIS 


PRELIMINARY DATA SHEET 
Supplementary data may be 


publuhed at ja Weler ete: TEXAS INSTRUMENTS 2-327 


2N3866 
SILICON NPN VHF POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
VIBRICEX Collector-Emitter Breakdown Voltage te = 100MA, Vee * -15V ss Vv 
lEBO Emitter-Base Cutoff Current Vegr3asv. i¢0 01 mA 
LVcEO Collector-E mitter Breakdown Voltage Ie 2 5mA, ig +0, See Note 2 30 v 
Vcea Collector-Emiuter Breakdown Volt3ge Io“ SmA, R= 100 See Note 2 $5 v 
IcEO Collector-Emitier Cutoff Current Vce"28V. Ig 0 0.02 mA 
; I¢ «SOMA, Voer5V 10 200 
F fi 
hee Static Forward Current Transfer Ratio Ie 360mA, VoeeSV 5 
VCEIsa1) «—-—Collector- Emitter Saturation Voltage Io = 100mA,  Ipe 20mA Sec Note 3 01 10 
VBE(mt) Base-Emitter Saturation Voirage 0.9 v 
Common-Baze OpenCircurt . < a 
Cobo Output Capacitance Veg’ 28V. Ig =0, t= 1 MHz 2.7 3.0 pF 
Small Srgnat Common-Emuitter I¢ = SOMA, Vee? 15 V, f= 200 MHz 
rltel Forward Current Transfer Ratio cf See Nore 3 a. 28 
Dj Junction-to-Cate Thermal Reustance 35 (CM 
Pout RF Power Output f= 400 Miz, Voc” 28V. Pin? 100mW 1.0 1.38 w 
Ne Collector Efficiency PiIn= 100mW, I~ 400MHz, Vee" 28V 45 cy 


See Note 4 


NOTES. 2. Measured using pulse rechrigue duly cycle <2 % pulte wigin G5 ps 
3. Measured using pulte techie duty cycle C2 % pulse width G 300 ps 


4. Te a delined as (AF output) 1 DC snout). no account 1s taken of Py. 
TYPICAL POWER OUTPUT vs POWER INPUT TYPICAL POWER OUTPUT vs FREQUENCY 
— BAERS, pie 2 : i ie fea we 
Vee 0264 Voc + 289 
fied 
f 
Qo tes — 


= 


Collector etfecvency 
Power oviput- Walls 


Power ovlpul - Warts 


| oe ee oe ee ee ieee 


| 
! 
' 
: Wee 
0 ca a be) 0 0 = 


Power sncul- wants Frequency - Wr 
FIGURE 1 FIGURE 2 
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2N3866 
SILICON NPN VHF POWER TRANSISTOR 


TYPICAL POWER OUTPUT vs SUPPLY VOLTAGE TYPICAL hi vs FREQUENCY 


7 On SOR ICO mw “ 


Beat re 0 


| 


minm) 


Frees oti eons 


Crd elon emultet aupoiy voitoge 


FIGURE 3 FIGURE 4 


TYPICAL Yoe va FREQUENCY 
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til ac 
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FIGURE 6 
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2N3866 
SILICON NPN VHF POWER TRANSISTOR 


ABSOLUTE MAXIMUM AREA OF OPERATION 


SAFE AREA OF OPERATION Teaw ¢ 25 OC THEAMAL DERATING 
V8 CS ES ae 
i : i 
109 
i] 
4 
£ Bors - 
3 3 
& 
& $oso;- 
i! 


° 
& 

oat a tt 
' 
+ 


7 7 TE Te on a We 76 
Colectr em tte Temperature - 
FIGURE 6 FIGURE 7 


Y establish the absolute maximum orea of operation for this device it is Necessary to apply doratings both for case tomperatura and voltage, 
reed as follows. 


Establish moan device dissipation and heat sink dimensions to determino the device working case tomporoture. 
ni Read off tha Power Derating Factor from Fig. 2. 


J Multiply either voltage or current cating given by Fig. 1 by the Power Derating Factor. This gives the volt-amp, (i.e. pawor) rating under 
the given conditions. 


NOTE. jected 10 DOwOr pylsos OF single Non-repatitive nature, Operation is sole of poak Power levels gr: than ine 
On BS BMOWN IM Fig. 2. 
In particular under clas B or C RF operation, when power pulse widths aro a small traction of tho thermal timo constant, dissipation 
is limited only by Ine maximum tnerma: rewstance 
TYPICAL intel vs COLLECTOR CURRENT * TYPICAL Copp vs COLLECTOR-BASE VOLTAGE 
Oe Or ae ae AGE RS eo ee ee one tae rt. Se eR eae 
+ FelMHy \ 
i 1 H 
| ‘ 
; \ ! ; 
af SONOS SASS Rs See BST s 6h -- - --}— See ie 
| 1 
4 esi 
z 
z 
3 
3 + 
tie SS< 
2) 
| 
' 1 
ol bes? costs a ey at 
° 02 oe 06 
* Pulso — Note 3 ig (4) Coltector - bose voltage 


FIGURE 6 FIGURE 9 
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TEXAS UATALUENT! 
IW OBDER TO WPA 


VER THE RIGHT TO MAKE CHANGLEATA 
(GH AND TO SUPPLY THE BEET PRODCTE 


TYPES 2N4998, 2N5000, 2N5148, 2N5150 
N-P-N SILICON POWER TRANSISTORS 


HIGH-FREQUENCY POWER TRANSISTORS WITH 
COMPUTER-DESIGNED ISOTHERMAL GEOMETRY 


e For Complementary Use With 2N4999, 2N5001, 2N5147, and 2N5149 


© 6 mJ Reverse Energy Rating with Ic =5 A and 4 V Reverse Bias 
*mechanical data 


2N4988, 2N6000 ALL TERMINALS ARE INSULATED FROM THE CASE 


earaanane 5 
em. ecg ag ee OP eae 
Pir 


ALL JEDEC TO-89 DIMENSIONS AND NOTES ARE APPLICABLE 


. WIIBI0 thle dimension, case dlamater msy vary. 

» Position of terminals with respect to hexagon Is not convolled, 

+ The case temperature may be measured anywhere on the aseting plane within 
0,125 Inch of the stud, 

|, All dimensions are In Inches uniess otherwise specified. 


2NS148, 2NS160 THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


ALL O'menyens alg teu 
USL EAS OTRE RUSE Brey 


ALL JEOEC TO.30 DIMENSIONS AND NOTES ARE APPLICABLE 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
2N4998  2N5148 
2N5000 2N5150 


Collector-Base Voltage... acid, SA Ae 6 Tels OD BO eee ets woe ee ee 100 V2 
Collector-Emitter Voltage (See Note y a On ere are ere ee BO e 
Emitter-Base Voltage . . Dre Teg eit pean oe Mee eae 0s ue fob at & ad ay We, eS oo 6V°—+ 
Continuous Collector Current th eaten Os, Tete mess ie WB oe) BENS ee ee 2Aa° 2A° 
Peak Collector Current (See Note2) 2. 2... ee ee ee ee dy tet br RD fos Gute ae 5A 5A° 
Continuous Base Current ww we mir streets. Seer hs a : 1A° 1A‘ 
SafeOperatingAreas 2 2. ww ee ee Laan eet hee a . See Figures 7° and 8 
Continuous Device Dissipation at 50° Cc ‘Case Temperature {See Note 32 sai, apt: Te sie ante ae 30w* 6w* 
Continuous Device Dissipation at 100°C Case Temperature (SeeNote3) 2... 2 1 ee ee 20W 4w 
Continuous Device Dissipation at (or below) 25°C Free-Air Ternperature (See Note4) .. . . . aw TW" 
Unclamped Inductive Load Energy (See Note 5) eee Wen e wee ee eee Om ECM 
Operating Collector Junction Temperature Range . 2. - 7 ee ee te . 2. — -—68°C to 200°C" 
Storage Temperature Range... . Tint pes Peis hegoeegeee eos Wa sede vdoonnacanaese oa 6 -65°C to 200°C* 
Lead or Terminal Temperature 1/8 Inch from Case tor ‘60 Seconds. eos. he Ai ee as — 300°C’ —_» 
NOTES: 1 Pplies when the base-emitter diode ls opsen-circulted, 

2. foe w <8. duty cycle S 1%. 

3. jon ebove (or below) case temperature, refer to Dissipation Derating Curves Figures 9 and 10. 

4 erly to 200°C (ree-sir temperature at the rate of 11.4 mWw/'C for 2N4998 and 2NSOOO, 6.7 mW/"C for 2N5149 and 


2N61580. 
5. This roting Is based on the capability of the transistors to operate safely In the unclamped inductive toad circuit of Section 3.2 of 
the forthcoming JEDEC publleation Suggested Standards on Power Tranaittores: = 0.48 mH, Aga, =20 1, Agg? = 1001, 
Vapi” 10 V. Vaa2 = 4 V, AL = 0.11, Veg = 10 V, Ioan 9 8 A, Energy © 1272, 
“JEDEC registered date. This dete sheet contsing all applicable registered date in effect at the ime of publication. 
‘This circuit op; on page 6-1 of thls dats book. 
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TYPES 2N4998, 2N5000, 2N5148, 2N5150 
N-P-N SILICON POWER TRANSISTORS 


“electrical characteristics at 25°C case temperature (unless otherwise noted) 


2N4998 2NS000 
PARAMETER TEST CONOITIONS eae RN 2N5160 
Vv Coltector-E mutter fais iso} Ses Neie 6 
. ma, 
(BRICEO Breskuoan Voltage ¢ si Sys 


1CEO Collector Cutoft Current Voce = 30V, Ig°0 a) a) 
ICES Collector Cutofi Cutrent t 4 


Coltector Cutott Current 


Vee"-2V. Tc 150C 


lEBO Eemtter Cutoff Current 


State Fonvard Current 
Transter Rao 


See Notes 
G ond 7 


nFE 


Vee BaseE mitter Voltage 


ew 


Coilector Emitter 


Soe Notes 
Gond 7 


VCE lsat) 0.85 


Saturation Voltage 


ro 


Tg G00mA. IC-3A 
Sma Signal 
Common Emitter 


Me ape eae | Vee SV. ter OtA, fhe 20 
Transter Rano t 
Sma'l-Signai i 
Common Emitter | 

he Vce-S¥. Ie -0.2A,  6- 20MHz 2.6 


For.atd Current 
Transter Ratio 
Common Base 
Cobo Open Cites Vee*10V. Ig =O, PorMHe 
Output Capacitance 


NOTES G These oa masse 
7, Tree o 


red 449g Date tecnn.ques, ty, * 300 us, duty cyclase. 


7 4ext vOltaze-s075iNg CONtacts separate from the current-carrying contacts and located withia 0.125 
Ach from the Gece tL Ody. 
"SEDEC restored date 


thermal characteristics 


2N4998 


PARAMETER 2N5000 


Rise Juncuon to Case Therma: Resstance 


Raa Junction to Free-Air Thermal Resistance 
switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS! 


toll TurnOlf Time Veetoi = -37V. RL IS 41, See Figure 1 


t Voltage and current valuus shown are normal, exact volucs vaty slightly vath tranustor parameters. 


ALL TYPES 
TYP 
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TYPES 2N4998, 2N5000, 2N5148, 2N5150 
N-P-N SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


a 
® ucwit0= 
a vennenee “4 
) 
eres etd 
se ee 


Roeisn 


Von sa 3V AT 
INPT WOMITOR 


TEsT CIRCUIT VOLTAGE WAVEFORMS 
NOTES: A. Voen is @ -30-V pulse (from 0 V) Into a 60-N termination, 
8. 


. The Voen waveform is supplied by # generetor with the following characteristics: ty < 15 ms, ty S 15.98, Zouy © 60 2, tw © 20 we, 
duty cycle < 2%. 


C, Wavetorms are monitored on an oscilloscope with the following characterintics: ty S 18.18, Ain # 10 MM, Cin S 11.5 OF. 
D. Resistor: must be noninductive types. 


E. The d-c power supplies may require additional bypassing In order 10 minimize ringing. 


FIGURE 1 
TYPICAL CHARACTERISTICS 
rem, rave — 
BO CUBMENT TRANGSEN MAt=D Franc sc@maao Commi Tease MATEO 
couactos cuanent Disco CLemar 
ta9 7 , 
> | veacey : tmp ratY 
3 tes me gf te- xe 
Db | eNote soul 54 12> Se Nom Borg T Ay. 
i { ’ ferment 
i. 4 Bite Seema re 
| paneer 
3 wp 5 
iz | H 
+ 
s 
mR i ! 
rc iia i Eopeseyie et r 
r) reer es Varese vel 8 ee 
oot = oot at oy oe tl kk 
1¢ Covert Corns & ¢- Comme Comet - a 
FIGURE 2 FIGURE 3 
Conman sas ORIN CRCUT 
CALE EMITTER VOR TAG OLLECTON AWD T TER Sa TUMATION VOLTAGE TPT CaPacit ance 
« - “ 
COMMECTOR Cusatur acicros Osetia? ALI C108 Gam OV TAGE 
os ” 
os 


vet Ome tam Vee 


er tat Lanter ee ster fateretaae Vormge 0 
Cee —Orves Comm somes «9 
suesaeaa 


oom over oe 1 ae Ser rn er i) 
tg Corman Cortana Ven Corre Sms Voruage = 
FIGURE 4 FIGURE 6 FIGURE 6 


NOTES: 6, Those poramoters must be measured using pulse techniques. t, © 300 ys, duty cycle < 1%, 
7. Those paramet re Measured with voltege-sensing contacts separate from the current-carrying contacts and loceled within 0.123 
inch from th ica body. 
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TYPES 2N4998, 2N5000, 2N5148, 2N5150 
N-P-N SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT 
vs 
COLLECTOR-EMITTEA VOLTAGE UNCLAMPED INDUCTIVE LOAD 


Voc? 10V 
Age22 1002 
Tc = 28°C 
See Note 9 


I¢-Maximum Collector Current- A 
tc. Maximum Collector Current: A 


2 2.4998, 2N5000 ~ 
2N5148, 25150 
vet 


1 2 4 7:10 20 40 70100 04 071 2 4 7 10 20040 


VceE—Collector-Emitter Voltage-V L—-Unclamped Inductive Load-mH 
FIGURE 7 FIGURE 8 


NOTES: 8. Above these points tho safe Operating areas h3.@ nol boon delinad 
D. Theto curves are Dated On the capability Of the trantstors 10 Opwiato salely in the UNclainped inductive load circust of Section 32 
of ine forthcoming JEDEC pubiicanon Sugeest Standards ant Power fronton’ ag, + 10-Vgurlic. Vear® Ov. 
RL - O11 Energy = 1¢7L.2 


Tr crcu.t enoeers on pase § 1 of this Cota D008 
THERMAL CHARACTERISTICS 
2N4998, 2NSOOO 2N5148, 2NS150 
DISSIPATION DERATING CLAVE DISSIPATION DERATING CUAVE 


PY -Maximum Continuous Device Datsinstion—W 
Py -Maaimum Continuous Device Dissipation -W 


0 25 50 75 100 125 150 175 200 Oo 25 50 776 100 125 150 175 200 


TenCave:yempersture 6 Te-Case Temperature—"C 


FIGURES FIGURE 10 
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UELAS INSIBUMENTS FEMCRHES Tf MIGHT TO MARE CHANGIS af a 
IN OFD(R 10 IMPROVE DISIGN AND TO SUPPLY THE BEST PRODULT POTS 


TYPES 2N4999, 2N5001, 2N5147, 2N5149 
P-N-P SILICON POWER TRANSISTORS 


HIGH-FREQUENCY POWER TRANSISTORS WITH 
COMPUTER-DESIGNED ISOTHERMAL GEOMETRY 


e For Complementary Use With 2N4998, 2N5000, 2N5148, and 2N5150 
e 6 mJ Reverse Energy Rating with Ic = 5 A and 4 V Reverse Bias 
"mechanical! data 
2N4999, 2NS001 ALL TEAMINALS ARE INSULATED FROM THE CASE 


tues ee 


iS 
eH 


ALL JEOEC 70-59 OIMENSIONS AND NOTES ARE APPLICABLE 

. Within thls dimension, cose diameter may vary. 

. Pamtion of terminate with respect to hexagon Is not controlled. 

. The case temperature may be massured anywhere on the seating olene within 
0.125 inch of the stud, 

. All dimensions are in Inches unless otherwise specified. 


2N5147, 2NS149 THE COLLECTOR Is IN ELECTRICAL CONTACT WITH THE CASE 


ALC cmt bOms Oar i ices 
UELats OTHEAWIE eECPED 


ALL JEDEC TO-39 OIMENSIONS AND NOTES ARE APPLICABLE 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
2N4999 -2N5147 
2N5001  2N5149 


Collector-Buse Voltage... ie dikca = es Soe Wey ee ee ee 100 Ve 
Collector-Emitter Voltage (See Note W ft Be DNS Ak BD Ros ee eee Se a Oo OV 
Emitter-Base Voltage . . BE hee wei a haa evel aa ce MER bei lee 6 Ve 
Continuous Collector Current é Bek che a St Bate ae We ce wena een S2AY 6 SZAT 
Peak Collector Current (See Note 2) BUS Aor “59 Bi aetligs tein ot Teh ge) Eye! Tol tot cage Bg - eee BAS BAS 
Continuous Base Current 6 ww ee ee ee ee TAT -1A° 
Safe Operating Areas 2. 2 1 1 1 ee ee woe ee ee we ee . S¢0 Figures 7° and & 
Continuous Device Dissipation a at 50° Cc ‘Case ‘Temperature (See Note 3) teres ae taleocs GIOWS 6w 
Continuous Device Dissipation at 100°C Casa Temperature (SeeNote3) ....... tala 20W aw 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (SeeNote4) . . . . . 2W iw 
Unclamped Inductive Load Energy (See Note 5) ar Ga‘ eSotat hey fe a! we ee Oe EM 
Operating Collector Junction Temperature Range .... 2... tee: bat Tan Aa Cae “anid . 65°C to 200°C" 
Storage Temperature Range 5 ww ee te ee ee ee © 65°C to 200°C* 
Lead or Terminal Temperature 1/8 Inch from Case for ‘60 Seconds 2... 1 1 ee ee ee I00"C’ 
NOTES: 1 

2 iat for tw < 8.3 

3. above (or bal: 

4 lIneerly to 200°C te temperature at the rate of 11 a mPFC tor IN499D ond 2NS001, 5.7 MW/"C for 2N5147 and 


ing (s based on the capability of the translators to opsrate sataly In the uncismped Inductive load circuit of Section 3.2 of 
the forthcoming JEDEC publication Sugersied Standards on Power Transition! . L= 0.48 mH, Aggy, =20 1, Aggg 7100 9, 
Var" 10 V, Vagz = 4 V, AL 90.1 91, Veg = 10 V, lew 7 BA. Energy @ Ic7L/2. 
“JEDEC registered data. This data sheet contains all spplicable registered date In effect st tne time of publication. 
"This clecuit appears on page 6-1 of this date book. 


Cee ee EEE Eee 
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TYPES 2N4999, 2N5001, 2N5147, 2N5149 
P-N-P SILICON POWER TRANSISTORS 


“electrical characteristics at 25 C case temperature (unless otherwise noted) 


PARAMETER 


Collec tor-€ matter 


Y 
(BRICEO ge. goan Voltage 


IcEO Collector Cutoff Current Voces -40V. ta°90 


2N4999. 2NS5001 
TEST CONDITIONS 2N5147 2NS 


MIN MAX |MIN MAK 


I¢+--100mA. ig 0. See Note G 


Vee = 60V. Ver = ata 

Ices Collector Cutatf Current cE BE | oA | 

vce + -100V. Vag - 0 a ey 

"EV Collector Cutott Current Vce*-60V. Vag 2¥, Toe- 180C Y__soof _—- 500] ua | 

'EBO Emuter Cutoff Current £8 c ; ee 
a 


8 


Static Forward Current See Noten 


hE 


Teanster Ratio Gand 7 


g 
e 


See Notes 
Gard 


VBE Base-E mutter Voltage 


Vce?-5V. ict -2A 
Vce > - SV. 


Collector-E matter Sce Notes 


Gana7 


Saturation Voltage 


Smati Signat 
Common-E mitter 
Forward Current 
Transter Ratio 
Small-S.gna 

Common-E miter 
Pee| Forward Current 
Transier Ratio 
Common-Bawe 


Voces -5V. tos -O1A, FT kee 


Vee*-5V. te -O2A, 0° 20MHe 


Cobo Open-Curcun Vep--10V. tg <0, (MH 


Qutpur Capacitance 


NOTES: G6. This parameter must be memured using pulse tecnnques ty * 300 us, duty cycle 1% 
7, Treve 0 


amelers ara Meatured with woitagn sensing Contacts teparate from the current carrying contacts and located within 0 175 


inch from the device body 
*JEDEC rogstered daze 


thermal characteristics 


PARAMETER 


Rysc Junction-to-Case Thermal Resistance 
Roya JunctoontoFreeAr Thermal Rensiance 


switching characteristics at 25°C case temperature 


ALL TYPES 
PARAMETER TEST CONDITIONS! 


Turn-On Time ‘eis) ~ -200mA, 1g12) ~ 200 mA, 


—< 
< 
3 


Turn-Olf Time g 1 => 'R See Frgure 1 
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TYPES 2N4999, 2N5001, 2N5147, 2N5149 
P-N-P SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


27V—4 10% 
Ru ad pty <= 
INPUT : 
AL 190 - a@gve-r bated 
H 


Vapi = 43 
ADJUST FOR 
Von * -41.39V AT 
INPUT MONITOR 

TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES A Veen 030 V poles (from 0 Vi into 2 80 L2 terme. 


Pole may Fequite additional Dypestng in order 10 minimise HAgeg 


FIGURE t 
TYPICAL CHARACTERISTICS 
mages, HEAT e301 INGER 
STATIC FOMWARO CURRENT TRANSPEA RATIO STATIC SOMMARD CUAMENT TRANGIEN RATIO 
“ « 
COLLEC LOR CURRENT COLLECTOR GL RALAT 
100) — € m —- a 

9 mal [ A : rama "j 
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NOTES 6. These parameters must be measured using pulse techniques. t,, * 300 ys, duty cycle < 14, 
7. Those parameters ate measured wrth voltege sensing contacts separate from the current-carrying contacts ard located within 0.125 
Inch from the device body. 


TExAS INSTRUMENTS 2-337 


TYPES 2N4999, 2N5001, 2N5147. 2N5149 
P-N-P SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUM COLLECTOR CURRENT MAXIMUM ROtErS On CURRENT 
“wu 
COLLECTOR-EMITTER VOLTAGE UNCLAMPED INDUCTIVE LOAD 


Vec* 10Vv 


¢ Rep2" 1002 

< ae -4 To? 25°C 

i = See Note 9 

¢ = 

= : 

: 3) 

3 R 3 

Bs aaa 3 : 

¥ os 2N4999, 2N$001 3 

8  -0.2 | 2N8147, 2N5149 | \ ¢ 

é | Lj: 

2 70.1 = ss 5 

S -004 ast - 

es nS 

2 902 a gas EE GT 

0.01 ee -0.1 
-1 ~2 -4 -10 -20 -40 -100 04 071 2 4 7 10 200 
VcE—Collector-Emmtter Voltage-V L-Unclamped Inductive Load—mH 
FIGURE 7 FIGURE 6 
NOTCS 8 Above thew points the tate Operating areas hae 101 Deen Uelined 
9 Trew curves are Dased 07 the Capad. sty Of Ihe Ivansators 10 Cporate safety in the unclamped inciuctive load circuit of Section 37 


of the fortncoming JEDEC papt-cation Suited Standards on Hower drentors' Ry 1O'Vagilic. Vapi? Ov 
AL +002 Energy § I¢7L-2 


‘Tri citew tappears on Cage S 1 of ths date Poon. 
THERMAL CHARACTERISTICS 
2N4999, 7NSOO1 2N5147, 2N5149 
DISSIPATION DERATING CURVE OISSIPATION DERATING CURVE 


Py —Maximum Cont-nuous Dewcr Oissipatron - W 


Py—Maximum Continuous Device Onsipation-W 


o 25 «50 7S 100 125 150 175 200 Oo 25 50 75 100 125 150 175 200 


Te Cate Temperature—"C Te-Case Temperature—"C 


FIGURE 9 FIGURE 10 
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“mechanical data 
ALL TERMINALS ARE INSULATEO FROM THE CASE 


ALL JEDEC TO-59 DIMENSIONS ANDO NOTES ARE APPLICABLE 
. Wuhla ints dimension, cave diameter may very. 


« Position of terminela with respect to hexagon Is not controlled. 


. The Case temperature may be measured anywhere on the seating pine within 


0,125 Inch of the stud, 
» All dimensions are ia inches unless Otherwise specified, 


2NS182, 2N5154 


wees 


ALL JEDEC TO.39 DIMCNSIONS AND NOTES ARE APPLICABLE 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage. . Ba Ae ke Ea ee bs Seat Mie, Buse 2 
Collector-Emitter Voltage (See Note 1) Bapie 249 BT NS Sd fae th ol ae ae 5 3 
Emitter-Base Voltage Be oat sak Cae gshaalt a eM ee bane BG aM Se, 

Continuous Collector Current wuibe te Bi Se. 8 tel te labs By aa es coy te Pel 88 ge 

Peak Collector Current (Sec Note 2) 2... 2. ee ee ee ee 

Continuous Base Current 6 ww et 


Safe Operating Areas 


Continuous Device Dissipation at 50° c ‘Case “Temperature (See Note 3) sy de tAbe aes AD. 


Continuous Device Dissipation at 100°C Case Temperature {See Note 3) 


Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) sas oe 


Unctamped Inductive Load Energy (SeeNote5) .... 2... 


Operating Collector Junction Temperature Range 2 2. ee ee 


Storage Temperature Range a 
Lead or Terminal Temperature 1/8 Inch from Case for 60 Seconds 


. This value applies when the base-emitter diode Is open-<ireuiied. 
» This value sppiles tor tw < 6.3 ms, duty cycle < 1%. 


NOTES: 


. Derete linearly 10 200°C free-air temperature at the rate of 6.7 MWC. 


HIGH-FREQUENCY POWER TRANSISTORS WITH 
COMPUTER-DESIGNED ISOTHERMAL GEOMETRY 


THE COLLECTOR IS IN ELECTAICAL CONTACT WITH THE CASE 


TYPES 2N5002, 2N5004, 2N5152, 2N5154 
N-P-N SILICON POWER TRANSISTORS 


e@ For Complementary Use with 2N5003, 2N5005, 2N5151, and 2N5153 
@ 15 mJ Reverse Energy Rating with Ic = 10 A and 4 V Reverse Bias 


2N5002  2N5152 
2N5004 = 2NS154 
2— 100 V’-—e 
-—-80 Vv’ 


—s6v'— 


5A‘ 2a° 
10A° 104 

2a° tae 
See Figures 7° and 8 
sow’ tow? 
B3W 67W 

iw? 

— 15 mJ — 
-65°C to 200°C*® 
-65°C to 200°C* 


=—300°C° —e 


1 

2 

3. For operation above lor below) 80°C case temperature, refer to Dimipation Derating Curves, Figure B end 10, 
4 

5 


. This rating Is bated on the espabiiity of the transistors to Operate safely in the unclampast inductive [oad circult of Section 3.2 of 
the forthcoming JEOLC publication Suggesicd Standards on Power dvanuatons’: L=0.3 mH, Rag; * 10.0, ggg - 1000, 


Veer" 10 V, Yona “4 V, AL = 0.101, Vee = 10 Y, lem = 10 A Energy © Ic7L 72. 


“JEDCC registored data. This data sheat contains all epplicable registered data In effect st the time of publication. 


‘This clrcult appears on page &-1 of this data hook. 


a 


TEXAS INSTRUMENTS 


2-339 


TYPES 2N5002, 2N5004, 2N5152, 2N5154 
N-P-N SILICON POWER TRANSISTORS 


“electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


Collector-E miner 


Vv 1 10045. Ip: 0. Ni 
tBRICEO Breakdown Voltage Cc had Bo. See Note 6 


f<| § | 


Collector Cutoll Current Voce: 40V. 1g 0 
Vce 60. Vpe-0 


Forward Current 
Transfer Ratro 
Common Bas 
Cobo Open-Crreuit Vea? 10V. Ig 0. t- 1 My 
Output Capacitance 


Ices Coltector Cutoff Current Vee 1000. Var 0 
ICEV Collector Cutotl Current Vee 60V. Vee“ -2¥. Te 150C [ soo] soo ya | 
[ee 6. icwo a 
Woe =8V. tc 50ma Ee ee 
eee Static Forward Current Vce*5V. ic 25A [30 90] 70 700] 
Transfer Ratio Voes SV. Ie - SA [270 | a | 
Vee79V. Ic’ 25A. To 55C ee 
ig 50mA, 1c 725A . 145 [ 145] 1 
Vee Base-E miter Voltage 1g > 500mA, Ic 5A Notes ce OE 
Vee" SV. Ic" 25a 6 and 7 145] 145] 
Collector-E m.tier lg: 25OmA, 167 25A See Notes 0.75 0.75 
Ve (sand v 
Saturation Voltage 1g 7500mA, tc SA Gong? [ sf 15] 
Small Signat 
ite Common-E m:tter Vee «5. Ic O18 oer 20 t 
Forward Current . P ( 
Transter Ratio { 
Small Signai } 
hrel apace VcerSv. Neopet < Ween eee ee | 


NOTES: 6, These parameters must be measured using pulse techniques t 
7. Tmese param 


© 200 ps, duty cycte S 1%, 
sensing contacts 100) 


mmeauted with vo! 


trom the current.catrying contacts end located within 
0.125 inch from the device body, 
* JEOEC rag.sterad Osta 


thermal characteristics 


PARAMETER 


Junction-to-Case Thermal Rewstence 


A 
e8 


switching characteristics at 25°C case temperature 


AU TYPES 
PARAMETER TEST CONDITIONSt [_aureres 1 unr | 


ie SA tein 500A Tass SHEA | os 


toff Ture Off Time 


Veciot * -3.7V. AL 6h, See Figure 1 


T Voltage and current valucs shown Bre nominal; exact vatues vary slightly with trent: 
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TYPES 2N5002, 2N5004, 2N5152, 2N5154 
N-P-N SILICON POWER TRANSISTORS 


NOTES 


PARAMETER MEASUREMENT INFORMATION 


Nata Nate 


TEST CIRCUIT VOLTAGE WAVEFOAMS 


A Vgen 8 30 V pulte {from 0 Vb into #50 0 termination 

8 The Ven werefarm is tupplied Dy 9 generator with tne following charectoratch 1, 61S 48. S15 62, Zour © 50M, ty = 20 ot, duly cycle © 2%. 
C Waveforms ate monitored on an oscloscope with Ine following tharacterutics: ty © 13-79, Aig 2 TOM, Cin SUS BF, 

©. Peusiors must be noninductive types. 

E Tred c power supplies may require additional BypeAnng {9 OFder to minmue noging 


FIGURE 1 


Vet -Cardane vor ¥ 


NOTES: 6, These parame! 


TYPICAL CHARACTERISTICS 


PAGO). 25182 Feo retisa 


STAT.C ECOMARMD CURRENT TRANSFER RATIO STATE FOMMARD CUMAENT TRARY MAT O 
” * 
COLLECTOR CU@REMT COULECTOR CUBRENT 
: 
é Hi 
é 
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3 “TT rs 
J vor tes ately i 
- “L+t + 3 
* pa C 3 
iort i 
rae Maat : 
fog f 
att i 
aor Gos at o« ¢ «te oor 6m 0 oe 8 . 10 
1c Conmcor Canreatn a ig + Caecor Car rte. 
FIGURE 2 FIGURE 3 
BASE FeiTram vOUTaGE COLLECTOR CUTTER BATUBA TION VOLTAGE COMED GALE OFE O OCT OUTPUT CAPACITANCE 
“ * * 
Cast Thwrtmatuae Case Meame@aTURE COLECTON BASE VOLTAGE 
> 
; 
t 
3 
% 
§ ) 
§ i 
} J 
¢ 
3 
8 
Mecoer j- 
F ooz}—t tt 
8 Soa Nam Gow? 
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As0-n 0 1 Ww 1S 10 1m In oe a me 18 oe te) In 
Te - Ce Trmmmatere °C t= Cone Tompmrete "C ¥en Cater fame Votemgn~V 
FIGURE 4 FIGURE 6 FIGURE 6 


4 must be messured using pulse techniques, ty * 300 us, duty cycle < 1%, 
messured with voltege-sansing contacts seperate from Une current-carrying contacts eng located within 


7, These peramaters 
0.126 Inch from the devica body, 


TEXAS INSTRUMENTS 2.341 


TYPES 2N5002, 2N5004. 2N5152. 2N5154 
N-P-N SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 
MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT 


“ vs 


COLLECTOR-EMITTER VOLTAGE UNCLAMPED INDUCTIVE LOAD 


Vec 2 10V 
Rep2 71002 
Tc 225°C 
See Note 9 


2N5152, 2¢5152 


—— 


t¢—Maximum Collector Current. A 
(¢—Maximum Collector Current. A 


4 7 10 20 40 70 100 01 0.2 04°07 1 2 4 710 
VcE-Collector-Em mer Voltage—V L-Unclamped Inductive Load -mH 
FIGURE 7 FIGURE @ 


NOTES 8B. Above new points me sale operating areas Mave not been dalined 
1. Tnese curves are Dated 07 the CaDadsity OF tho transistors to Operate tafoly in the unclomped inductive toad circurt of Section )2 
of the forincomng JEDEC osp'icateon Suggested Standards on Power Transivtors' Agey* \O-Vanse. Voor 10V 
AL O12 Energy = tc 2k 2 


1 Thus curcuit appears on page $1 ct this data DOOR. 


THERMAL CHARACTERISTICS 


2NS002, 2N5004 2N5162, 2N5154 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


pation: W 


Py—Maxomum Conunuous Device Dissipation-W 


Py—Maximum Continuous Deviro Di 


oO 
QO 25 50 75 100 125 150 175 200 o 25 50 75 100 125 160 175 200 
Tc—Cate Temperawure~°C Te-Case Tempersture—“C 
FIGURE 9 F FIGURE 10 
1) oe Ap respencbhty for am 
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TUIAS INSTRUMENTS RESERVES THE BIGHT TO MAKE CUURGLS Al 
IM OROE® (0 IMPROVE DISIGH AND TO SUPPLT INE GIST PHOOXT 


TYPES 2N5003, 2N5005, 2N5151, 2N5153 
P-N-P SILICON POWER TRANSISTORS 


HIGH-FREQUENCY POWER TRANSISTORS WITH 
COMPUTER-DESIGNED ISOTHERMAL GEOMETRY 


e For Complementary Use With 2N5002, 2N5004, 2N5152, 2N5154 
e@ 15 mJ Reverse Energy Rating with Ic = 10 A and 4 V Reverse Bias 


*mechanical data 


2N5003, 2N5005 ALL TERMINALS ARE INSULATED FROM THE CASE 


ALL JEDEC TO.59 DIMENSIONS AND NOTES ARE APPLICABLE 


. WITIA this dimension, case dlemeter may vary, 

+ Position of teeminals with respect to the hexegon is ot controlled, 

. The case temperature may be measured anywhere on the seating plane within 
0,128 Inch of the stud, 

|. All dimensions ace in Inches unless otherwlee epecitied. 


2N5 151, 2N5153 THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


ALL JE DEC TO-39 DIMENSIONS AND NOTES ARE APPLICABLE 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
2N5003 2NS151 
2N5005 2N5153 


Collector-Base Voltage. . Be Seed fo Sethe cevie! See eey ee ae a Be Saar eS UR cetee Mor 98 -— -100 V"—e 
Collector-Emitter Voltage (See Note YW D2, Pose, tS dersrarnsatalet so Sageece ve ee ee BO Ve 
Emitter-Base Voltage wey Sea Sow a ae AE ah die J, Sogsttetndtitscan os fee O55 Ve 
Continuous Collector Current a fd eee SR eer aera, WU Pal east ate SS AaS Pe Sad -. HA -5A* 
Peak Collector Current (SeeNote2) 2 6. 1 et -10A° -10A 
Continuous Base Current 2. we ee wee) 6 2AS =2.5 AP 
Sale Operating Areas. 1 1 1 we ee ce ee ee ee + See Figures 7° and 8 
Continuous Device Dissipation at 50° Cc ‘Case Tempereture (See Note 3 eee fee fa ae eae cay tas oe . sow 10W° 
Continuous Device Dissipation at 100°C Case Temperature (SeeNote3) ........ .. DIW 6.7W 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note4) . . . . . 1w 
Unclamped Inductive Load Energy (SeeNote5) ..... - Wh i Boe PEI fe Bs GOR: o— 15 mJ ——~ 
Operating Collector Junction Temperature Ranga . 2. 2 1. ee re ee sane 65°C to 200°C * 
Storage Temperature Range 6. 2. ee vee ee ee es 65°C to 200°C" 
Lead or Terminal Temperature 1/8 Inch from Case tor 60 Seconds ee ee 00°C 
NOTES! 1 alve applies when the base emitior diode is open circuited. 

2. pplies for tw < 6.3 ms, duty cye) 

3. 9 abave (or below) 50°C case temperature, reter 10 Dissipation Derating Curves, Figures 9 erat 10. 

4. rly 10 200°C free-ale temperature at th of 8.7 mw/*C. 

5. This rating Is based on the capability of the transistors to opsrais safely in the unclamped inductive load circult of Section 3.2 of 


the forthcoming JEDEC publication Suggested Standards on Power Traasistortt. | = 0.3 mH, Aggy = 10 1, Aga? > 100M, 
Ves“ 10 V, Vog2 * 4 V, AL 90.1 1, Vec® 10 V, Icom = 10 A. Energy © Ic7t/2. 
"JEDEC registered . Thi containa all eppliceble registered data In effect et the time of publicetion. 


‘This circutt appears on p ook. 
re] 


TEXAS INSTRUMENTS 2-343 


TYPES 2N5003, 2N5005, 2N5151, 2N5153 
P-N-P SILICON POWER TRANSISTORS 


“electrical characterstics at 25 C case temperature (unless othenvise noted) 


PARAMETER TEST CONDITIONS. 


Coltector Emutter 


v le mA! See N. 
(BAICEO Bregadoun Voltane ee Nore G 


\cEO Col ector Cutott Current Vee> 40M. 


Te 
Collector Cutott Current ce 


'CEV Collector Cutott Current [vce -8UN. Vge-2V¥ te 150C 


Veg* 35V. Ie-0 

Vee 5¥. 1¢  -90ma 
Static Forvard Current Voce -8V lo 25a 
Transfer Rata i . t 


i Sce Notes 
Bose E matter Voltage ok, aaa 
a 
Coltector Em ter 750 mA. 
VCE . 


Smatt Signa! 


Common Em ter 


y 
° 


Forward Current 
Transfer Ratio 
Smai-Signa! 
Common-E mutier 
Forward Current f+ 20MHs 
Transter Ratio 
Common Baw 
Open Cucut 
Outpst Capaiorce 


NOTES 6. Tete parameters M23 De ~eatured 8.79 Dalte techn.ques. 1, ~ 300 us, duty cvcie & 1%, 


7, These parameters see Meat sled with vottage rensing contacts separaty bron the current Carrying Contacts and located within 0 125 


angen trom the dev ce bod, 
“JEDEC regstered cate 


thermal characteristics 


PARAMETER 


Ruse Junenon-to Case Thermg! Rewstance 


switching characteristics at 25°C case temperature 


PARAMETER 


tot Turn Off Time cen. “37 Vv. AL + 6a, See Figure 1 


"Vollage ond current values shown ore Nominal, exact values vary slightly with transistor paramaters. 
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TYPES 2NS§003, 2N5005, 2N5151, 2N5153 
P-N-P SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


out 


er a OReot 
a over 
Bg wonto" 
1 fon 
ye MOOT ase 


es ary 


IME aed es 
At en hay —<ehle 
eee = 


ta sate: 
! 2308 wa fe 
i zx : 
: | orn \ 
ve: ten 


vans 2 43¥ 
07ST FOR 
Vows “403 VaT 
INPUT YouTOR 

TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES. A. Vaun !t # 30-V oulse (from 0 VJ into a 50-1 termination. 
B. The Voorn waveform Is supplied by # generator with the following charecterintics: ty < 15 os, 17 < 15 ea, Zo.) * 80N, Lt, © 20 us, 


duty cycle © 2%. 
C. Véavetorms are monitored on an oscilloscope with the following characteristics: ty © 15.98, 8, > 10 MM, Ci, < 11.6 pF, 
DO. Resmtors must be noninguctive types. 
E. Tred power suoplles may require edditional bypassing in order to minim ze ringing, 
FIGURE 1 


TYPICAL CHARACTERISTICS 


ame ont es rad 
7AT.¢ POwmAmD CLAagNT Teaaarte aahO 


Co. ucroe caageT 


Net ata Fares Comoe Tree Renee 
Se Cute freee Come treme Bow 


10D! 008-89 0 ge =f 4 -0 
i Carentan Carmen «e Pee 
FIGURE 2 FIGURE 3 
east eusrrea vourage CDULLETCR GA TTEA BATyeatiON WOLTAGE Commies cam CrU9e newt Ourm" Caracirancy 
cau vruramayuse com ratearat CEL roe gate VOLTAGE 


[DTT Tanta ere 


Seu Note 6 ana T 
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' 1 
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! 
i t~ 
' 5; «a 
id | oor 
a 
a Seal 
J On) 
§ 
on 
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Te Cam Tome ste °C foto Tempers -"C Yop Lemme dam Vora -¥ 
FIGURE 4 FIGURES FIGURE 8 


NOTES: 6. These parameters must be messured using pulses techniques. ty * 300 ys, duty cycle < 1%. 
7, These osrameters are measured with voliege-sanaing conlects separate from the current<arrying contacts and located within 


0.126 Inch from the device body. 


TEXAS INSTRUMENTS 2-345 


TYPES 2N5003, 2N5005, 2N5151, 2N5153 
P-N-P SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUM COLLECTOR CURRENT MARINE OSE Er en unbeny 
vs 
COLLECTOR-EMITTER VOLTAGE UNCLAMPEO INDUCTIVE LOAD 
-40 


Veco 10V 
Reae2 2 1002 
Te = 25°C 
See Note 9 


DC Operation 
Te <25°C 
ros oo 


| | [2N8151, 2NS153 


7 
aD SN] 
12NS003, 2NSO05 ROT 


Ic. Maximum Collector Current A 
I¢—Maximum Collector Current- A 


-4 -7 -10 -20 -40 ~-70-100 01 0.2 04 07 1 2 4 7 10 
VcE—Collector-Emitter Voltage-V L—Unclamped Inductive Load—mH 
FIGURE 7 FIGURE 6 


‘OTES B Above 1hese points he sate oDerating areas he.e@ not Deen detined. 
9. These curves are based on the caoaDrty Of Ine tranmators to Operate safely in the unclemped Inductive load circult of Section IZ 
of ine forincom-ng sEQEC publication Suggested Standards on Power Transistors." Ragy* '0'Vpai/ic. Year” OV. 
RAL e018. Energy sic2L/2 


Tris citcu.t appears On page S-1 of :m8 dete book, 


THERMAL INFORMATION 
2N5003, 2N5005 2N6161, 2N6153 
DISSIPATION DERATING CLAVE DISSIPATION OERATING CURVE 
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TETAS UHATEUMENTS RESERVES THE MIGHT 10 MAKE CHANGEL aT 207 tm 
IM ORDER 10 UMPROYE DESIGN AND TO SUPPLY THE BIST PRODUCT POLAR 


TYPES 2N5060 THRU 2N5064, TICGD THRU TIC64 
P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


SILECTt THYRISTORSt 
800 mA DC « 30 thru 200 VOLTS 


mechanical data 


These thyristors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C method 1068. The thyristors are insensitive to light. 


THE GATE LEAD ISCONNECTED AP REGION 


rm 

2.050 (wOTE A} ao 733 
+00 

010 aon ton +o 


AMOOE 
100 oan 


20a 
catwoos 
2.050 mons ans cou * 22 


NOTES: A, Lead diameter is not controlied in unis ares. 
B. AN dimensions are in inches, 


“ALL JEDEC T0.02 DIMENSIONS AND NOTES ARE APPLICASLE 


absolute maximum ratings at specified casa temperature 


Tss'c wer 
5c 


75°C 


*Lead Temperature 1/16 Inch from Case for 10 Seconds 


NOTES: 1. 


elues apply when the gate-cathode rasintance Ag, © 1 ki 

ues epply tor continuous d-¢ operation with resistive load. Above 80°C derate eccording 10 Figure 1. 
3. This value may be epplied continuously under single-phase 60-He half-sine-wave operation with resistive lod. Above 67°C derate 
to Figure 1. 
epptian for one 60-Hr half eine wave when the device is opersting at lor below) rated values of pesk reverse voliage and 
Surge may be repested after the device hes returned to original thermal equiliprlum. 
ging time of 16.6 me 
1s JEDEC registered date for the 2NSO@0 through 2N5064 only. This date sheer contains all 
jered data in effect et the time of publication. 


applicable rag 
* Trademark of Texas Inateuments 
3U.S. Patent No, 3,439,238 


TEXAS INSTRUMENTS 2-347 


TYPES 2N5060 THRU 2N5064, TIC60 THRU TIC64 
P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


electrical characteristics at specified case temperature 


PARAMETER 


IDRM Reperntsve Peak Otl-State Current 
IRArs Repettve Peak Reverse Current 


(GT Gate Trigger Current 


VGET Gate Trigger Voltage 


TEST CONDITIONS 


AL * 100%, [-65°C] 
Rox = 1k Ipig) 2 ms 


Vp > Rated Vora. 


Rox s 1A ‘ptg) 2 Tims 


I Holding Current 


*thermal characteristics 


2NS060 THAY | TIC60 THRU 
TIC64 


Vaa7V. Roxen, [ese] tor | id 


PARAMETER 


Raye Juncuon-to Case Thema! Ses stance 


NOTE & This parameter must De measured usr g Cuite tecmn-aues. ty * 300 we, duty cycla < 1%. Voltepe sensing contacts, separate from tne 


Current carrying contacts, ee located v. 


JEDEC reputored date 


Ith. 0.125 incn from ine device body, 


THERMAL INFORMATION 


AVERAGE ANODE 
FORWARD CURRENT DERATING CURVE 


1000 « 


800 


IF (av) -Maximum Average Anode Forward Current--mA 
o 
8 


£\ 


° ° 
it} karl 180 
|__Conduction 
Angle 


Continuous OC 


Te—Case Temperature—°C 


FIGURE 1 
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2-348 TEXAS INSTRUMENTS 


TYPES 2N5060 THRU 2N5064, TIC60 THRU TIC64 
P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


switching characteristics at 25°C case temperature 


TEST CONDITIONS 


tgt GateControlled Turn-On-Time Vans 30¥. AL 39M. AGKiett = 2040, 
Vin? 20V, SeeFaure2 
tq Circus Commutated Turn Olf Time Vans OV. BUS 90 R.. MRM 7A, 
See Figured 


PARAMETER MEASUREMENT INFORMATION 


I 
INPUT oe i O: ea 
ee lam 
a ‘gt —4 
oureut \! gos vr 
° 
vA H 
: 
det 
WAVEFORMS 


VOLTAGE WAVEFORMS 


See Nowes A, B. and C 


See Note D 
RGklelfl 
INPUT 


GENERATOR 


Generator Synchroniration 


TEST CIRCUIT 
TEST CIRCUIT 


FIGURE 2-GATE-CONTAOLLED TURN-ON TIME FIGURE 3-CIRCUIT-COMMUTATED TUAN-OFF TIME 


NOTES: Vin i§ measured with gate and cathode terminels open. 
The Input wavetorm of Figure 2 has the following characteristics: ty < 40 na, ty > 20 ue. 


4: ty S14 nt, Ajp > 10 MN, Cin S 12 PF. 


. Wavelarms are monitored on an oscilloscope with the following characterse 


- Fgatest) Inctudes ine total resistance of the genarsior and the external resistor. 

+ Pulse generators for Vy end V2 are synchronised to provide an anode current wereform with ihe following cherectaristice: 
ty 7 50 10 300 ps, duty cycle = 1%, The pulse widths of Vy and V2 we > 10 u0. 

F, Resistor Ay te adjusted for Inn 7 A. 


mon@a@p> 


i ed 


Texas INSTRUMENTS 2-349 


TYPES 2N5060 THRU 2N5064, TIC60 THRU TICG4 
P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL CHARACTERISTICS 


CANE Tagore cUeaiNt VATE TE UGE WO TAGE 
CASE TEMPE RATCSL CASL I0vPCmaTueL 


1G) Gate Trapper Curert a 
Vor Gate Tegne Vitae Vv 


Th -S -A o ms NN % 190 % $9 -% 0 mw 3S 1 1 
Te- Caw Tema ve °C Te-Com Temperate °C 
FIGURE 4 FIGURE 5 
MOLOING CURRENT 
” 
CASE 1CMPERATURE 
, Ge sian 
2 ttesating (7 2008 
ti. 
i 
ga 
i 
2 ’ 
ore 
o« rr 
-T3 50-7 0 7 SO 8 100 17S 
Te-Coe Temperatse-"C 
FIGURE6 
OL AR OF STATE VOLTAGE Gat CONTROLLED TURN ON TIME 
a “ 
PEAS ON STATE CUR@INT GaTE CURRENT 
s 
Ce rryyy 
$ a ca 
b. <i> 7 
6 
5 
5 
01 02 O44 oF1 2 4 02 03 040806 of 1 ? 
Tyne -Page On State Carrert A 1G- Gare Current=ma, 
FIGURE 7 FIGURE 8 


NOTE 6: This parameter must be meatured using pu 
current-carrying contacts 


jechniques. t, = 300 us, duty cycle < 2%. Voltege sensing contacts, espa: trom the 


located within 0.12% inch from the device body. 


Th comnet etteme ony renpemnbol-ty foe aay tittety shews 
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UCTAS INSTRUMENTS RESERVES THE MIGHT TO MAKE CHANGLS AT ANT 
IW OROLE TO IMPROVE DESIGN ANO TO SUPPLY THE 6(ST PROUT AY 


2N5070 
SILICON NPN VHF POWER TRANSISTOR 


973 


Emitter Internally Grounded to Case 
Intermodulation Distortion 

Better than 30 dB at 25 W P.E.P 
© Emitter Resistor Stabilised 


mechanical specification 


AQ derens.ons ore mn mm 


absolute maximum ratings (Tease = 26 °C) 


Collector-Base Voltage. 2. 1 ww ee BEV 
Collector-Emitter Voltage (Igp=0) 2 2 6 1 1 ee ee ee ee. WV 
Emitler-Base Voltage © 6 6 we ee ee ee eee 4A 
Continuous-Collector Current 2. - 1 wee 2685 Sa? SS dat WG ee eM SAG ado 
Continuous-Base Current © 2 6 ee ee 1A 
Continuous Dissipation. 2. 2. wk ee ee ee ee ee ee ew eee) TOW 
Operating Temperature Range «2 ww we ee ee ww + BE OC to +200 OC 
Caution 


All TO-60 headers incorporate Beryllium Oxide which is a toxlc white material. Suitable precautions should be taken by all 
personnel handling these devices; in particular, those for disposal should not be thrown out with the general waste. In the event 
of the oxide being exposed or broken, avoid contact with the skin or inhallng of the dust. 


Aservice is available to customers for disposal of expended units. These must be individually wrapped securely packed and 
Clearly labelled, and returned to the VHF Power Department at Bedford. When requiring disposal of broken units, which must 
not be sent through the post contact the above department for advice. 


EE RGR 


PRELIMINARY DATA SHEET: 
Supplumentary data may be 


Duliitied at a tater atte. TEXAS INSTRUMENTS 2-381 


2N5070 


SILICON NPN VHF POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


' 


PARAMETER TEST CONDITIONS MIN MAX UNIT 
Vipricao Collector-Emitier Breakdown Voltage Ie = 20mA 65 v 
Ieex Coltector-Eminer Cutoff Current Vce = GOV. Vee 7 -15V 10° mA 
lepo Emitter-Base Cutoff Current Vegrdyv. te >0 10 mA 
LVcEO Collector-Ermitter Breakdown Voltage Ie = O24, ig 20 See Note 1 w v 
IcEO Collector-Emitter Cutoff Current Vce730V, Ip-0 S ma 
KFE Static Forward Current Ig = 3.04, Voe75V See Note 2 10 100 
Trarster Rano Ie 210A, Vce*SV See Note 2 20 
Common-HBase OpenCircunt 
Cobo Output Capacitance Veg = 30V. Ig =0, f= 1 MHz 65 oF 
Small Signal Common-Emitter 
Inte i Forward Current Transfer Ratio lor HOA, VCe's ove “Orso MHe 
Bie Junction to Case Thermsi Resistance 25 Ci 
Pout RF Power Output 1) =3O0MHz. $2 = 30.001 MHz 25 wi PEP 
Imo Intermodutation Distorman Pins 1.25WPEP, Vec= 28V See Note3 -30 cc) 
Te Collector Efficiency 40 % 
NOTES 1, Pu'se Test, Putte Duration $+ 10 ps. Duty Cyce 2%. 
2. Purse Test. Putse Durstion < 300 ps Duty Cyclo <2 %. 
3. Two Tone Measurement. PEP Powe” equals two mes average power, 
TYPICAL TYPICAL 
SERIES INPUT RESISTANCE vs FREQUENCY SERIES INPUT REACTANCE vs FREQUENCY 
Mpciseae ts Cah eet ue steht et : fresilise? 
Veg 21S 1 vce etsy \ Vo Sh 
Ic stoma | j tersoma i | oat 
' 1 t=" 
DNAs ' | I ' 
30 aE ee a ei oe as op ob ote. 1! aa tp tenes 
, i | i 
: ames 
5 zg: . 
H z. ha 
. —— 3 tented 
é s | 
i g F 
t : , 
5 az es | 


7) [7] a -.) a 
Frequency - Mar 


FIGURE 1 


Frequency - MHx 


FIGURE 2 
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TEXAS INSTRUMENTS 


2N5070 
SILICON NPN VHF POWER TRANSISTOR 


TYPICAL POWER GAIN) TYPICAL 
NOISE FIGURE } “3 COLLECTOR CURRENT PARALLEL OUTPUT RESISTANCE vs FREQUENCY 
fe aaa ce pete ene ae am oe ‘4 
Nose i Ete | 
rune ‘ ' I¢ ema 
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Lede a 
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: 8 : 
uae : 
ae Sg « 
; re = 
: ie = 
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<2 rie) i) a wo 2 Ls) =D a 3 
Covecter Current ma Frequecy - Mer 
FIGURE 3 FIGURE 4 
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PARALLEL OUTPUT CAPACITANCE wi FREQUENCY 
' on 28 a ee oe 
Ye evel * 
: ‘ 


t Ic ema! 
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VS bea Soc hi cance 5 
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FIGURE 6 
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2N5070 


SILICON NPN VHF POWER TRANSISTOR 


ABSOLUTE MAXIMUM AREA OF OPERATION 


SAFE AREA OF OPERATION Tease * 25°C 


Collector current - Amps 


Coveclor em me! 


FIGURE 6 


THEAMAL DERATING 
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soe , 
bea key 
3 
e i 
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= 
5040 —- ee ety 
i 
| | | 
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| 1 : 
‘ i 
( | 
Olesen! ual | i. 
- ° » mw A) Pee 
Temperatur - °C 
FIGURE 7 


To estabiith the absolute maximum area of operation for this device it 13 necessary to apply deralings both for cose temperature and voltage, 


proceed as follows: 


(1) Establith mean device disipation and heat sink dimensions to determine the device working case temperature. 


(2) Read off the Power Derating Factor from Fig. 2. 


(3) Multiply either voltage or current rating given by Fig. 1 by the Derating Factor. This gives the volt-amp. (i.e. power) rating under the 


given conditions. 
NOTE: 


han the OC tafe area of operation. 


In particular under clas 


TYPICAL [hyel vs COLLECTOR CURRENT 


[tel of 20umHe 
“ 


OL ae ae a) 
o a oo) o (7) wo 720 
Cokector Cutrent mA 
FIGURE 8 


or C RF operation, when power pulse widths 
fh benited only by the maximum tnermal resistance. 


the device is sub ec tad To Dower Du'ses Of Shorter duration than the thermal timo consront, operation is tale at pesh Powe! laces 


@ small fraction of the thermal time constant, disiparon 


TYPICAL Cogo vs COLLECTOR-BASE VOLTAGE 


Cope: OF 


6 


lo cee 


telmne io ea : 
| 


de 7 
10 a Ad 
Collector - bone vellage 


FIGURE 8 
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2N5109 
SILICON NPN VHF POWER TRANSISTOR 


873 


Ideal for CATV Applications 
Minimum Gain-Bandwidth Product 1.2 GHz 
11 dB at 200 MHz 

Low Distortion 

Low Noise 


mechanical data 


A dmensiens are in mm 


absolute maximum ratings (Tease = 25 °C) 


Collector-Base Voltage... ee eee ee OV 
Collector-Emitter Voltage (Ig=O) 2. - 6 1 eee ee ee ee ee 20V 
Emitter-Base Voltage 2 6 6 1 ww et we tt ee ee 3v 
Continuous Collector Currant 2 ww we ee ee ee ee ee OMA 
Continuous Base Current © 2 2 ww ee eee ee eee OMA 
Continuous Dissipation. 2. 2. 2 ek ee ee ee ee ee ee 8 
Operating Temperature Range. 6 6 we ee ee ee ee e+ 6G OC to +200 OC 


TYPICAL LINEARITY 


Cross Modulation Distortion — 70 dB at 50 d8 mV output 
Intermodulation Distortion — 50 dB at 50 dB mV output 


SE 


RCLIMINARY DAT & SHEET 
Supplementary data may be 


alee tant as tages eee Texas INSTRUMENTS 2-355 


2N5109 
SILICON NPN VHF POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN MAX UNIT 
ViBRICER Collector-Emitter Breakdown Voltage Ic = 5mA, Age = 102 40 v 
leBo Emitter-Base Cutoff Current Veg?3SvVv, Ics0 0.1 mA 
LVcEO Collector-Emitter Breakdown Voltage I¢ =5mA, Ig -0 See Nowe 1 20 Vv 
\cEO Collector-Emutter Cuto# Current Vce* sv. Ig 20 20 uA 
hee Static Forward Current Transfer Ratio I¢#50mA, Voce" 15V 70 «210 
VCE (sat) Collector-Emitter Saturation Voltage I¢=100mA, [p27 10MmA See Noto 2 Os v 
Common-Base Ourput-Circuit » - “ 
Cobo Oulput Capariianee Vep=15V, Ie =0, (> VMHE 35 pF 
Small Signal Common Emitter s a é 
Inte! Forword Current Transter Ratio Ic = 50 mA, Veer tS¥.. f'e\200 MHz 6 
Oj Junction to-Case Thermal Res:stance 35 OCW 
Pout RF Power Outwst f= 200MHz, Vcc-15V, Pin-O.1mW 1.26 mit 
See Note 3 


NOTES: 1, Pulze Test. Pulse Duration 5 - 10 ps. Duty Cycle 2% 
2. Pulse Test. Pulte Duration © 300 js. Dury Cycle G28. 
3. Power gain it measured in Uncompentaied Diosdband cucult. 


TYPICAL SERIES INPUT RESISTANCE TYPICAL SERIES INPUT REACTANCE 
va FREQUENCY vs FREQUENCY 
—; ———__ fe = ee ea me 
| Yer iSv * ‘ Yee essv | : 
1c. 50ma : Ic «Soma | | 


Input Ressionce 1 


Serres Input Meactonce 


» Co) m0 “no 0 
Frogger y= na 


Frequency - Mig 


FIGURE 1 FIGURE 2 
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2N5109 
SILICON NPN VHF POWER TRANSISTOR 


TYPICAL POWER GAIN} 


NOISE FIGUAE } “COLLECTOR CURRENT 
= ais aaa 7? 
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2N5109 
SILICON NPN VHF POWER TRANSISTOR 


ABSOLUTE MAXIMUM AREA OF OPERATION 


SAFE AREA OF OPERATION Tcase 25 °C 


THERMAL DERATING 


——7—— 


? 3075 
a 3 
i g 
2 £050 
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orl °° ro ae a) : yh o bs 
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FIGURE 6 


FIGURE 7 


To establish tho absolute maximum area of operation for this device it is necessary to apply deratings both for cose temperature and voltage, 
Proceed as follows: 

(1) Establish mean device dissipation and heat sink dimensions to determine the device working coso tomparaturo. 

(2) Read off the Pawer Derating Factor from Fig. 2. 


(3) Multiply either voltage or current rating given by Fig. 1 by the Powor Derating Foctor. This gives the volt-amp. (i.e, power) rating under 
the given conditions. 


NOTE; Where the devico 1s subyectod 10 power pulses of shorter duration than the thermal timo constant, operation is safe at peak Power 
levels groater thon the OC sete area of operation, 


$n particular under class B or C AF operation, when power pulse widths are 6 small fraction of the thermal time constant, dissipation 
is Lemlied only by the maximum thermal ratistance. 


TYPICAL [hye] vs COLLECTOR CURRENT TYPICAL Cobo vs COLLECTOR-BASE VOLTAGE 


Yee oS¥ H j | ~T 1 [rete \ 
H \ | t 
| 
. | =e | 
; | 
ete i hee : | 
| { 
z* | or am 
R | } % 
i, a 
5 | C) ao | ™ LF) 
Cotector current - mA Collector - base voltage 
FIGURE 86 FIGURE 9 
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TYPE 2N5157 
N-P-N SILICON POWER TRANSISTOR 


HIGH VOLTAGE, HIGH FORWARD AND REVERSE ENERGY 
DESIGNED FOR INDUSTRIAL AND MILITARY APPLICATIONS 


© 100 W at 75°C Case Temperature 

e@ 700 V Collector-Emitter Off-State Voltage 
e Min V(pA)cEoO of 400 V 

© Max toffof 1.7 usatIC=1A 

© Typ VCE(sat) Of 0.3 V atic =35A 

@ Typ fy of 5MHz at 12V,0.2A 


“mechanical data 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOA IS IN ELECTRICAL CONTACT WITH THE CASE 


pei 4 


i 4 Fentee a 
ons ¢ man ie : ye Hiern |! ro 
af yy 


Or 


dOtw IMDb 


OIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


“Collector-Emitter Voltage (Vge=-15V,SeeNotel) 2... 0 ee 700 
"Collector-Emitter Voltage (Base Open, See Note 1) 2 2 2. we ee 500 V 
“Emitter-Base Voltage Fa 6V 
“Continuous Collector Current 6 6 ee 35A 
“Continuous Base Current © 6. 2A 
Safe Operating Area at (or below) 75°C Case Temperature www Ses Figure 6 
“Continuous Device Dissipation at (or below) 75°C Case Teinperature (SeeNote2) 2... 2. 100 W 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (SeeNote3) 2.1... aw 
Unclamped Inductive Load Energy (SeeNote4) 2. 2 1 ee ee ee 180 mJ 
“Operating Collector Junction Temperature Range. 2 we es 65°C to 150°C 
* Storage Temperature Range 2. 2 1 1 ee ee -65°C to 200°C 
“Terminal Temperature 1/16 Inch from Case for 10 Seconds ©. 2 2 2 1 1 ee ee ee 300°C 


NOTES: 1, These values apply only when the collector-emitier voltage Is applied with the transistor in the off-state with the base-emitter 
dlode reverse-biated of open-circulted, as specified. In operation, the limitations of Figure 6 must be obterved, 
2. Derate linaarly to 160°C cese temperature ot the rate of 1.33 WAC, 
3. Oerate linearly 10 150°C free-air temperature at the rate of 32 mW/C. 
4. This rating Is based on the capability of the transistor to operets safely in the circult of Figure 2, condition 1, L © 40 mH, 


Aipsz - 2&2, Vege = 1.6 V, As 20.1 1. Vee = 80 V. Ensray @ (e772. 


“JEDEC registered data, This dats shest contains ell sppliceble regitered date In effect st the time of publication, 


EO — ni cee eee) 


TEXAS INSTRUMENTS 2-359 


TYPE 2N5157 
N-P-N SILICON POWER TRANSISTOR 


“electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS UNIT 

Collector-Em 

VIBPICEO Brestdown Voltage 
Collector-E mutter 


1¢ 2 100mA, Ig + 0 See Note 5 


Vv, 1 *35a, A - Ws, See Figure 2 (Condition 2) 
{BRICER Break n Voltage on BE ce Figure 1" 
IcEO Collector Cutot! Current Voce « SOUV. Ig-0 
Vee > 700V. Vee + -15V 
Ieev Collector Cutott Current ce BE 
Voce *400V. Vee * -15V. Te 2 125C 
TEBO Emutter Cutofl Current Ves 6V. ‘¢ 0 
Vce=5V. IC-1A 
State Forward Curtent 
KEE Vce 5. Ic-25A See Notes 5 and 6 


Transfer Ratio 
Vee: 9V. ter ta, To* -55C 


Baze-E rmotter Voltage igs O7A, Ie ISA, 
“Emitter prota Ic-1A 
Ssturation Voliage 1g=07A, ie 35A 
Small-Signal Common.E miter 


VCE teat 


[htel ‘Vee 12M. Ig 5024, f-1MHe 


Forward Current Transfer Aavo | 


Common-Base Open Cercurt 
Output Capacitance 


1 
Cobo Veas20v, 1-0. (- 1 MHz 


NOTES: 5. These parame 
6. Thee pereme' ate Meassfed with woltage sensing contacts reparaty from the current casrying contacts and located within 
0.125 inch trom the device Doody 


Mutt be measured ving Pulte techniques ty, = 300 us, duty cycle S 2%. 


is characteristics 


PARAMETER 
Junction to-Cese Thermal Resistance 
Junctionio-Free Au Thermal Resscance 


Rosa 


“switching characteristics at 25°C case temperature 


AAMETER TEST CONDITIONS® 


TurnOn Time . IBisy "OFA Iga = -O8A, 


Turn Olf Time | Veetoty *-GV, AL + 12511, See Figure 1 


T Voltage and current valuet shown are noming!. exact valses vary slighily with tre 


“JEDEC reglatered date 


el 
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TYPE 2N5157 
N-P-N SILICON POWER TRANSISTOR 


PARAMETER MEASUREMENT INFORMATION 


INPUT 

OUTPUT 

MONITOR 
Von "MAR = 
INPUT 

-6v 
Rye 12890 

OUTPUT 


=Vec*125¥ 
Vegi ~36V 
AOQJUST FOR 
Von * 34.1 V AT 
INPUT MONITOR 


TEST CIRCUIT VOLTAGE WAVEFORMS 
NOTES AL Vogq it @ —30-¥ pulse (from 0 V) Into # BON terminetion. 
B. The Voen waveform In supplied by # generator with the following charecteratics: ty S15 6, ty < 18.08, Zqyy = SOM ty = 8 bs, 
duty cycle © 8%. 
C. Wevstorms ere monitored on an ocsliloscope with the following charactermtics: 1, < 10 98, Rig 21MM, Ci, < 11.8 DF. 
© Aasistors must be noninductive types. 
c 


. The d ¢ power supplies may require additional Dypessing in ordar 10 minimize singing 
FIGURE 1 


INDUCTIVE LOAD SWITCHING 
(9) vce MONITOR 


ea bo— ty, (Sea Note A} 


INPUT o 


VOLTAGE 


lem - 
coutector ™ | 
CURRENT 4, 


= I¢ MONITOR Maniceg = -j—-—-——— 


co.ecton | 
vo.tace | 
I 

5Ov 


Veet ——— — — — — —- 


TEST CIRCUIT VOLTAGE AND CURRENT WAVEFOAMS 


NOTE A: Input pulse width Ie Incressed untll the peek collector current reaches the specified vatue Of fom. 


FIGURE 2 


Ce 


TEXAS INSTRUMENTS 2-361 


TYPE 2N5157 : 
N-P-N SILICON POWER TRANSISTOR 


< TYPICAL CHARACTERISTICS 
STATIC FORWARD CURRENT COLLECTOR-EMITTER 
TRANSFER RATIO BASE-EMITTER VOLTAGE SATURATION VOLTAGE 
“ vs vs 
COLLECTOR CURRENT CASE TEMPERATURE CASE TEMPERATURE 
fa nrebeee > 
: —— t 
; ee ig TX ra cease ae) ; 
i t | ' 
= 3 5 
i 3 
H H i 
3 r é 
i i ; 
2 . 
i } j 
+ i 
r a 
Es 
o 
“3-6-0 SB OH MIWA sO 'H -“H-O -m 0 MH © TF In Ww 
¢-Cmerw Caw ee Sq Lam Force -"C Te-Cane Toman ot ro-"C 
FIGURE 3 FIGURE 4 FIGURE § 


NOTES §, These parameters must De masslred using Ouse techalaues. ty, = 300 ps, duty cycle < 2%. 
6. These pevame 
0.125 incn from thea: 


wen 


J with voltage-sensing contacts seperate from the current-carrying contacts and loceted whim 
boy. 


MAXIMUM SAFE OPERATING AREA THERMAL INFORMATION 


DISSIPATION OERATING CUAVE 
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TYPE 2N5241 
N-P-N SILICON POWER TRANSISTOR 


HIGH VOLTAGE, HIGH FORWARD AND REVERSE ENERGY 
DESIGNED FOR INDUSTRIAL AND MILITARY APPLICATIONS 


@ 125 W at 62.5°C Casa Temperature 

© 400 V Collector-Emitter Off-State Voltage 
e Min V(BR)CEO of 325 V 

© Max toff of 1.7 usatIC=25A 

© Typ VcE(sat) Of 0.35 VatIC=5A 

e Typ ft of 5MHz at 12V,0.2A 


*mechanical data 


ALL JEDEC TO.3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


Oo. 


sore Ins 


DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


*Collector-Emitter Voltage (Sea Note!) 2 6 ee 400 V 
“Emitter-Aase Voltage SeLidyoas’ pais sya z at Aap Bales se Bh cer cia Aayctok See, Ma PA erties POG ad ghz le as 5V 
“Continuous Collector Current 6 6 we SA 
"Continuous Base Current © 6 we 2A 

Safe Operating Area at (or below)!62.5°C Case Temperatue. . 2 2 ee See Figure 6 
“Continuous Device Dissipation at (or below) 62.5°C Case Temperature (See Note 2) 125 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3} aw 

Unclamped Inductive Load Energy (See Note 4) 2 2 6. ee ee 180 mJ 
"Operating Collector Junction Temperature Range ww we -65°C to 150°C 
“Storage Temperature Range 2 ww we ee -65°C to 200°C 
“Terminal Temperature 1/16 Inch from Casa for 10 Seconds . 2. ee ee 300°C 


NOTES: 1, This value applies only when the collector-emitter voliege Is eppiled with the trensistor in the off-state with the base-emitter diode 
ravorto blased of open-circulied. In operation, the limitations of Figure 6 must be otrerved. 
2. Derato linoarty to 150°C case temperature at the rate 1.43 WAC. 
2. Darate tinsarly 10 180°C free-air temperature at the tate 32 MWC. 
4. This rating Is bated on the cepabillty of the tranustar to operate safely In the clecult of Figure 2, L = 40 mH, Aggz = 341, 


Vea2 1.6 V, As © 0.1 1, Vee = 80 V. Enery © Ic2L2. 


“JEDEC registered dats, This data shest contains all appliceble registered data In effect st the time of publication. 


a 


TExaS INSTRUMENTS 2.363 


TYPE 2N5241 
N-P-N SILICON POWER TRANSISTOR 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 
(SS 


PARAMETER 
ViBRICEO Collector-Emitter Breakdown Votrage I¢* 100mA, Ig > 0. See Nowe S 

1cEO Collector Cutott Current Vee > 400V. 1g 0 

lcev Collector Cutott Current ve - 2 ae : = = int 

lEBO Emitter Cutoff Current 


Stauc Forward Current Transfer Rano 


See Notes S and 6 


Vee Base-E mitter Voltage See Notes $ and 6 


| Wg*05A, Ic"25A 
1g 7 TA. c+ 5A 


VeEtsan Collector-Emutter Saturanion Voltage See Notes 5 and6 


h | Smoil-Signal Common Ematter . wv 02a fete 
. : . . : 
te Forward Current Transfer Ratio ce c 


NOTES. 5. These parareters must be measured cing pulse techmques. ty 7 JOO us, duty cycle © 2%. 
G. These parame 


Pe ate meatered With voltage Menung contacts sepe 
0.125 inch trom the device Dody 


from the current carrying conta 


+ and loceted within 


thermal characteristics 


PARAMETER 
‘asc Jucetion to-Case Thermal Resistance 
05a Junction-to-Free Aw Thermal Resstance 


“switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS! 


ton Turn-On Time tee 25A, Ip) 7 O.25A, 12) * -0.5A, 


Turn-Off Time Veetotn* -6V. AL °500, SeeFiguret 


TVoliege and current valuen shown ars Nominal, exact values wary alighily with tranaistor parameters. 


*JEDEC registered dats 


2-364 TExAS INSTRUMENTS 


TYPE 2N5241 
N-P-N SILICON POWER TRANSISTOR 


PARAMETER MEASUREMENT INFORMATION 


IAPUT 
MONITOR 
ouTPUT 
MONITOR 
Reai- bs 


©) 


Ry *502 
OUTPUT y 
z 30% 
ZVcec*125v 
Vea1~44V 
ADJUST FOR 
Von = 42.8 V AT 
INPUT MONITOR 
TEST CIRCUIT VOLTAGE WAVEFORMS 
NOTES A Voen 82 - 30 V pulse (from Q VI into « SO-1 termination 
Ro The Vien wavetorm is supplied by @ generator with the following charactermuct: tS 15.04, YS 15 m4, Zq4y" 501, ty = 5 Ke, 
duty cycle % 5%, 
C Waveforms ere monitored on an oscilloscope with the following characternstica. ty S10 nt, Aig 2 1 MM, Cin © 11.8 pF. 
ODO Hesstors must be noninductive types, 
£ Thad. power supplies may roquite additional bypassing In order to minimize ringing 


FIGURE 1 
INDUCTIVE LOAD SWITCHING 


(9) Veg MONITOR 


tw = 2m 
el See Note AD 


INPUT 
VOLTAGE 
-SVv 


COLLECTOA 
VOLTAGE 


s0V: 
Vek et Se ee 


TEST CIRCUIT VOLTAGE AND CURRENT WAVEFORMS 


MOTE A: input pulse width Ie Increased unill Ion * 9 A. 


FIGURE 2 
cp SD 


TEXAS INSTRUMENTS 2-365 


TYPE 2N5241 : 
N-P-N SILICON POWER TRANSISTOR 


TYPICAL CHARACTERISTICS 
STATIC FORWARD CURRENT 


COLLECTOR-EMITTER 
TRANSFER RATIO 


BASE-EMITTER VOLTAGE SATURATION VOLTAGE 
v us “a 
COLLECTOR CURRENT CASE TEMPERATURE CASE TEMPERATURE 


wer oea Cosel! 


aS 


eae aa 
tar ora ig-vaH) 


Beg eat f ermad Cones Fepreter Bren 
Scanner Corrector Cera Sate on ora ¥ 


aa ene | 
te 05k Ce 7 he 


one coro: a7 o« are > 4 3-0 -ho mB to MH MIM WIN 
tg Cavett Comet Te Cee Terres “€ 1G Came Tener ow" 
FIGURE 3 FIGURE 4 FIGURE S 


NOTES: 5. These parameters must De measured Using Dulse tecrAlques ty, ~ 300 us, duty cycle % 2%, 


6. These Daramatoers sre Mastered with voltazesensing contacts separate from ihe curreni<arrying contacts and doceted witha 
0.125 Inch trom the Gew.ce Body, 


MAXIMUM SAFE OPERATING AREA THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


10 
i z 
4 c 
Sg 
2 a 
¢ 2 
< 2 
es 1 3 
£ 07 & 
5 z 
o 04 35 
8 3 80 _— 
¥ oz : 
3 £ 
e 60 
4 a) & 
0.07 5 40 
0.04 5 
Fy 
oo2 |_| RE a = 2 
PT TT E 
0.01 ce) 
10 20 40 70 100 200 400 700 1000 50 60 70 80 90 100 110 120 130 140 150 
Vee —Collector-Emitter Voltage—V Tc—Case Temperature—"C 
FIGURE 6 FIGURE 7 
It canna? ersvme ony repens, 
2-366 TeExAS INSTRUMENTS slliprewa shar innit 


TETAS INSTRUMINTS OCSERVES THT BIGHT 10 MAKE CHANGES AT dat 
WH OROLE 10 IMPROVE DISIGH AND [0 SUPPL SHE OLSE PRODAT Pe 


~ TYPES 2N5301, 2N5302, 2N5303 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
2N5301, 2N5302 DESIGNED FOR COMPLEMENTARY USE WITH 2N4396, 2N4399 


200 W at 25°C Case Temperature 
30-A Rated Continuous Collector Current (2N5301, 2N5302) 
20-A Rated Continuous Collector Current (2N5303) 
Min f, of 2MHz at 10V,1A 


“mechanical data 
The case outline is the same as JEDEC TO-3 except for lead diameter. 


THE COUECTOR IS IN ELECTRICAL CONTAC] WITH THE CASE 


DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


2N5301 2N5302 2N5303 


“Collector Base Voltage... . cece eee ee eee 40V 60V 80V 
*Collector-Emitter Voltage (See Note 1) 6ov sv 
“Emitter-Base Voltage... 0.02.6 eee eee eee 5V 5Vv 
“Continuous Collector Current ....... ar WA 2A 
*Peak Collector Current (See Note 2) ...... : <— 51 A—> 
“Continuous Base Current... 2. eee eee —75A—> 
Sate Operating Region at (or below) 25°C Case Temperature ......-....- See Figures 7 and 8 


*Continuous Device Dissipation at {or below) 25°C Case Temperature 
(See Note 3) .... 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature 


(SOO NORE) 6 ose ose ek A Decca aeded Pateecn Arg giere se ala ween ene We —_, 5w——>- 
“Operating Collector Junction Temperature Range .......-.-5--20- 0 ee “65°C to 200°C 
“Storage Temperature Range... 2... ee eee nt -65°C to 200°C 


NOTES: These veluss spply whan tha bi emitter diode 18 open circuited 


’ 
2. This vatue applies for 1p S0.3 ms, duty cycle S 10% 

3. Darate Nnearty 10 200°C care temparature at the rate of 1 14 Wideg. 

4. Derats linearly to 200°C tree ae temperature at the rote of 28.6 mw/deg. 


‘Ingicotes JEDEC registered data 


I SEN 


TEXAS INSTRUMENTS 2-367 


TYPES 2N5301, 2N5302, 2N5303 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


ome. 25301 [ 2N5302 | 2N5303 
! UNIT 
PARAMETER TEST CONDITIONS ean MAXMINY MAXIOAIN MAX! 


Vv Collector-Emitter 
(BRICEO 


‘1g = 20 mA, Ig = 0, See Note 5 | 40 
Breakdown Vottage | 


ivce =40V. te 20 ‘ 1 
Collector Cutoff Current Veg" 60V. Ig #0 
‘Vea *80V. Ip =0 
Wee = 40V, tg 0 
Collector Cutott Current Vee ~60V. Ig-0 ° l 5 | 1 mA | 


Vee" B0V. Ig20 


i Veg 40V, Vap- 15V = i 

| Vee S60V. Vee = -15V i 1 | 

} Vee *80V. Veg = -1.5V : : . . 

Vee -40V. Vee" -15V.Tce1s0c io} I ; 

Vee "60V. Vap=-15V. Ter t50C es De 
‘Vee = B80V. Veg = -15V. Te 1506 i : 10 

lego emnter Catal Gonemt Vp BV ie sro 

eet, Ice tA 

Vee =2V. Ic=10A 

Vee *2V. Ics ISA j See Notes § ang 6 

Ween 2V. tc 20a 

Veen 2V. Ice30A 


'cev Collector Cutoff Current 


: Static Forward Current 
ine Transter Ratio 


Vee Base Emitier Voltage See Notes S and 6 


Collector- Emitter 
VCEIe0 Saturation Voltage 


See Notes 5 and 6 


| "Ig 6A 

be Small-Segnal Common-Emit Ge ioe weak ecaui 

: Forward Current Transtee Rano] CE eae : 

Inve! SmallSignatCommonEmuer |) oy ag (adhe 
Forward Current TramterRatio| °F ae 


NOTES 5. These param 


ed using pulse techniques ty = 300 us. duty cycle S 2%. 
p 


G These parometers are meatured with voltage sensing contacts teperate from the current cerrying contacts. 


*tndicates JEDEC togistered data 


2-368 TEXAS INSTRUMENTS 


TYPES 2N5301, 2N5302, 2N5303 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


thermal characteristics 


[= PARAMETER [MAX]UNI 


[Je Junction-to-Casa Thermal Assistance [0.875 | deg 


ya Junction-to-Free-Air Thermal Resstance [35] 


“switching characteristics at 25°C case temperature 


fara s 1A, 
RL=39. See Figure 
Te@ 1A, lan" TA, lai 2-tA. 
AL =3N, See Figure 2 


fey Vector) * -2V. 
: 


Voltage and current values shown are nominal 


acl values wary sgntty wth transistor parameters 


"PARAMETER MEASUREMENT INFORMATION 


“ov 
ae AY anens 
INPUT 
“2 
OuTrut ae 
10.0 vet 
InPur too Kt 
' 
\ oureut 
90% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1 — RISE TIME 


OurPur 


INPUT 


2NI252 


av 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2 - STORAGE AND FALL TIMES 


NOTES. @, Tho input waveforms are supplied by @ gensrator wiih the following character: 
tp = 10 ys to 100 ps, duty cycle GIN 


ty $20 as, y S20 na, Zaye $0.0, 


b. Waveforms are monitored on en oscilloscope with the following characteristict: 1, S20 78, Aug 2 10 KM, Cin S118 pF. 


lors must be Noninductiva types 


@ The dc power supplies mey require additonal bypatsing in order to minimize ringing 


‘Indicates JEOEC reginiered asta 


PS 


TEXAS INSTRUMENTS 2-369 


TYPES 2N5301, 2N5302, 2N5303 


N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


2N5301, 2N5302 
STATIC FORWARD CUSPENT TRANSFER FATIO 


” 
COLLECTCS CusaiNt 


hie — otic foreaed Curent Transfer kate 


O02 04 GPE 2 4 7 2D wD 40 
'¢ — Co lector Gitrent — A 
FIGURE 3 
BASE-EMITILE VOLTAGE 
couecio: CuzFENT 


Vert 4 ¥ 


| |i = ate 


-V 


Vat — Base-Emitter Voltage - 


Iq ~ Collector Current — & 


FIGURES 


2N5303 
STATIC FORWARO CURRENT TRANSFER RATIO 


ay 
COLLECTOR CURRENT 


Vopt av 
Te 2 25°C 
See Notes 5 ona 6 


hee -~ Static Forward Current Transfer Patio 


le - Collector Current - A 


FIGURE 4 
COLLECT OK-EMITTER SATURATION VOLTAGE 


vs 


COLLECTO® CuRaENT 


25°C 


See Notes $ and 6 


> 
| 
& 
s 
3 
> 
§ 
FH 
3 
& 
z 
& 
3 
5 
& 
5 
vu 


rT | 
2 4 10 20 


0 
0.2 0.4 0.71 7 
le == Collector Current -- A 


40 


FIGURE 6 


NOTES: § These parameters must be messurea using pulte techniaues tp - 100 us. duty cycle S7%. 


6. These parameters are measured with voltage tenting contacts separate from the current carrying contacts 


2-370 TEXAS INSTRUMENTS 


Ic —- Collector Current — A 


ky — Collector Gunent ~ A 


TYPES 2N5301, 2N5302, 2N5303 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING REGIONS 


2N5301, 2N5302 


Vou — Collector-Emitter Voltoge — V 


FIGURE 7 


Mer — Colllector-Emitter Voltage —V¥ 


FIGURE 6 


TEXAS INSTRUMENTS 2-371 


TYPES 2N5301, 2N5302, 2N5303 


N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


THERMAL INFORMATION 


DISSIPATION DERATING CUFT 


220 


Py — Masieum Contiruaus Device Dissipation — W 


To — Cove Tem nerstice — C 
FIGURE 9 


‘symeoul DEFINITION 


Junction 10 Free Bir al Resaence © 
Junction to Cae Thermal Restiance 


“Cave to Free Aur These 


Cane 10 Heat Sinn Thermal Revttence 
10 Frew Au The 
Temperature 


Cane Temperatu 


Average June 
dunction Tem; 


PEAR-POWER COEFFICIENT CURVE 


K — Peak -Pomer Coellcient 


> Pulse width in me 
Duty-cycle ratio 


1 Thermol time constant +5 ms 


001 


tp — Pose ¥ 


Equation No 1 - Appin 


eat ink used 


tor 100 C< Te 5 200 C 
asin Fagure D 


ae anon eR EL 


Caqvation No 2 ~ Apphcation dc power dissipatron, 
no heat snk ured 


Tye Tx 
Prep § ————- for 5 O° Ty 2006 
Cra 


Equation No. 3 ~ Apphcation Peak power dunpation, 
neat wok used 


Timant “Tea 


Primed ® for 100°C S Te S 200°C 


Ble us tes al Rye 


Equation No. 4 — Application Peak powsr duupation, 
Po heat sink used 


Titman Va ‘ 4 
Primacs © ————— for 26 C = Ty F200 C. 
BOA RIG 


Exomple ~ Find Pri eng,5 (design bens) 
OPERATING CONDITIONS: 
OCHS * Uns a * 2.25 deg {From information supplied 
wath heat sink } 
Tyee) (design Limit) = 200°C 
T= 50C 
a* 10% 10.1) 


7 0.0ms 


Solution: 
From Fegure 10, Peak-Power Coefficient 
K = 0.109 and by use of equation No. 3 


Titrmand “Ta 


tin 
BWou5 tus al? Kye 


Primos) © ———200. 50 ns aso w 


0.1 (2.25) + 0.109 (0.875) 


2-372 TEXAS INSTRUMENTS 


TURAS INSTRUMINTS PISCRYES THE RIGHT TO MAKE CHANCES 41 ANd 
(W ORDIE TO MMPROVE DESIGR AND TO SUPPLY THE BIST PROCUCE PY 


TYPE 2N5333 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N4300 


15 W at 100°C Case Temperature 
Max Vou, of 0.45 V at 1A Ic 
Typ ten of 150ns at 1A Ik 

Min fr of 30 MHz 


*mechsnical data 


ome = 
2 COutCIOR 
THE COLLECTOR 15 tm ELECTRICAL 
CONTACT WITM THE CATE 


oan oi : Cth cepts 

»33 9 304 ie : 250 

tot et ormo- 9 Eee att sEBEC TO-S DIME RSISNS 

Se r™ TT oat baa rs of SEB gab WOTLS ARE APPLICARLE 

ta ToNt CetoNaL Marae 808 
mone 


ora towne 


Aa CmENLONS aft 
~ 


~ y 
WMS OTE 
vacea> 


CALE EePERaE VON ry ab aivere Esse rece FOL 6 mem ESE FAOe TCP OF Com 


‘absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage «6 6 6 we ee ee eee ee ee =O 
Collector-Emitter Voltage (See Note ]) 2. 6 1 ee ee ee te ee ee ee BOY 
Emitter-Base Voltage © 2 6 ww ee ee ee et ee ee ee ee we RN 
Continuous Collector Current 2. 2 2 we ee ee ee ee DA 
Peak Collector Current (See Nole 2), 2. 2 6 ee ew ee ee te ee ee tt we GA 
Continuous Bose Current. 2 6 1 ee ee ee eee ee ee ee ee TA 
Continuous Emitter Current. 2 6 ew ee ee ee ee eee OA 
Safe Operating Region at (or below) 100°C Case Temperature. . . «ww ee + Seo Figure? 
Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3). . . « - 1S W 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4). . - + iw 


Operating Collector Junction Temperature Range . . . . «7 - - ew ee OS°C 10 200°C 


Storage Temperature Range . 65°C to 200°C 


lead Temperature \% Inch from Case for 10 Seconds © ww we ee eee ww  2608C 


WILLE 1. This value applies when the bate-emltter diede it open circuited 
1 this arte S 10%. 
2. Ovvote 1 OIS w/aag. 
9 7T t/t. 


*MELC ropatered dete 


_——————— = TTT in adn 


TEXAS INSTRUMENTS 2-373 


2-374 


TYPE 2N5333 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


aE al eS ES, eS sis 2 & bee 0h Ge 
PARAMETER TEST CONDITIONS MIN MAX UNIT ] 
Vonycro Collector-Emitier Breakdown Voltage Ig — —30ma, 1, - 0, See Note 5 : —80 y 
heto : Collector (utoll Current 7 i Yor —-—40y% | - 0 -50 pa 
- NG N,v 0 10 
lees Collector Cutoti Current - = - 4 ee yA 
Vor = —SOV, Vue ~ 0, Te = 190°C -500 
7 Yo-—4¥ [end -) 
liso miner Gstott Current = aaa oe, pa 
[Me = -6% Ic = 0 100 
Vo — 4Y, le = —1 A, See Notes $ ond & 30 120 
Ny Stotic Forword Current Tronsfer Ratio t ns 
Yor - AV, Ic ~ -2A, See Notes 5 ond 6 10 
ners tH At ant 2 ae - 
Ver Bose-Emitter Voltage Vou —4¥, Ie = -2 a, See Notes $ and 6 -15 Y 
7 eo O08 1A, See Notes $ and 6 -0.45 
Veit Collector-Emutter Saturation Yottoge ee ee = ie ¥ 
ly - O48, —7 A, Sea Notes 5 ond & -l 
Small-Signal Common-Emitter © : o ar = i gai 
he Torword Current Tremter Rotio Ver = -10¥, te = UA, 02° Vhhr 30 
7 Smoll-Signal Common-Eminer , . . = aad 
he Forword Current Tromter Ratio Ver -10¥, te = -VA, f= 15S Mi 2 
MOTHE 5S There poremeters mutt be weesered 5:99 Bi te Terragen ty = WO ps, duty ercte SO 
6. Where pacereters are mentored witb wa'tage vens.ng cartmets usperate Leen the cwrreat-cerrying oatect. 
“thermal characteristics 
-_ <a ‘PARAMETER MAX UNIT 
Gc | Tunction-to-Cove Thermal esistonce oe 6.66 deg/W 
Oo4 Junction-to-free-Air Thermal Resistance 75 


* IROLC tequtered dete 


TEXAS INSTRUMENTS 


TYPE 2N5333 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


switching characteristics at 25°C case temperature 


"PARAMETER | ~—~S=STEST CONDITIONSt. Te | _unit 
Ey __Jum-On Time ae le = -1A, Nacey = OT Aten = 0.1 &, 150 i 
tow Turn-Off Time Yuiom — 3.79, & = 202, See figue} 450 


tVeltage and current values thews are per.aul, axed! votcer very thghity with Presuste pererecten. 


PARAMETER MEASUREMENT INFORMATION 


INPUT 


tv ine 
~% INPUT 
-lov --! 
1 fl fy ask 
foi, beter 
90% ~ t 
t OuTPUT 
10% - = 
1 
VOLTAGE WAVEFORMS 


Ficuat 1 


ED 


TEXAS INSTRUMENTS 2-375 


TYPE 2N5333 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


TYPICAL CHARACTERISTICS 


AFD CUTSENT TRANSFER RATIO 
“ 


COLLECTCS CUSRENT 


STATIC Fore 


s-2V 
See Notes 5 ond 6 


Static Dorward Current Tromle: Ratio 


hie - 


fe — Cr er Sine Ow 


FIGURE 2 


BASE -EMITTER VOLTAGE COLLECTOR -EMITTER SATURATION VOLTAGE 
ws 


‘’ 
CASE TEMPER ATURE CASE TEMPCRATURE 


Vee <2 4 
See Notes 5 ona 6 -2 


70.4 
Sasa === 


Vp, — Bere -[mitter Voliege —-V 


-0.1 
-0.07 
-0.04 
0.02 
-0.01 
-75 -50 -25 0 23° 300-75 100 125150 -75 -$0 -25 0 3% 50 75 1G 125 150 
Te — Cose lerperature — °C Te — Case Temperoture — °C 
FIGURE 3 FIGURE 4 


MOILS $ These parenaters must be eee 


6. There paromerers ore macy 


term quer ty WE ot. boty emia = 2, 


9 Contarls sep arcte Sram he tyrant coruping certacts 


2-376 TEXAS INSTRUMENTS 


TYPE 2N5333 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


TYPICAL CHARACTERISTICS 


NORMALIZED COLLECTOR - EMITTER COMMON-BASE OPEN-CIRCUIT INPUT 
BREAKDOWN VYOLIAGE AND OUTPUT CAPACITANCE 
BASE - EMITTER RESISTARSCE REVERSE BIAS VOLTAGE 

Hit II im Uy 


Capacitance 


CT 


I~. cto Vina: La 


| | 
a a 


Nose shited Collector-Umatter Breakduan Voltoge ~ Visnicre 


' ike) Ve 10k 10d» -l +2 4 +7 210 -70 40 
2p — Base-Ematter Resitonce — 0 Veicncid Sitvenese mY 
FIGURE 5 FIGURE 6 


NITES Tease poroemators must be measured vr eg pulse tacdarquat ty 2° 300 nt, daty cecie <n 


MAXIMUM SAFE OPERATING REGION 


oo Maximum Collector Current — A 


Vor — Collector-Emitter Voltage —V 


FIGURE 7 


TEXAS INSTRUMENTS 2-377 


TYPE 2N5333 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


THERMAL INFORMATION 


CASE TE PETATUSE 
DISSIPATION DESATING C eve PEAS -FOSE? COEFFICIENT CUP. E 


TTT 
0.25 US*-le3 


Tie 


Peat -P. mer Coelicsent 


, 


Pale migth in ms 


P =PAgevenim folal Deere Onnpaben ve 


Dur pcytle rare 


Sherrol time comfant 


0.01 : 
c ri wn 7S x tls aS 2 ED O10.2 G4 ' 2 4.5710 20 4¢ 1h 
Ig Cae Terceat eC ty Pulte Wath — ms 
FIGURE 8 FIGURE 9 
STMBOL OLFINITION Lqueten et — Apphietion dc power doss.petien, 
DEFINITION Reeth wd 
Meerage Power Div petne 4 : _ tar 100% “Te 0° 
ee Gre! Ocns * aya Mn tigre 


Lquation he 1 — Apple 
re heat ak osed 


honction-te-Coze Therma? Mevuence 


0 der Dead Reve 


Typo 
Prtey = Herd A tee HOS TA S ON 


A 


a8 Peak power distipation, 


. =! 
aa ITA tan 100% Te S 0% 
cms > Onsal + © Oz.6 


Ageator Me 4 — Applicaton Peat power dissipation, 
re deat tat 


Laer ee ——. tor BC St, <S 700% 
at) “Bc.n * €Bye * 


Crompte 
OPERATING CONDITIONS 


Selotion 
Foam Figure ¥, Peat Power Coetlicieat 


Bo.ms * Omg =P deg/et (Fron ete 


"10H Supgiens HO 10K ond bp wre of eqvetien Ne. 2 
1 


Tinea = 

a; aman} a 
Ty ge) (Kenge tins) = 100°C " = pe ae 5 = 
Tet (ee ed 60cm t Ons.al * Bye 
4 
a 10% (01) Woon de eee 107 w 
atin Meal" gy + ois (say 


2-378 TEXAS INSTRUMENTS 


TEARS INSTRCMINTS ROGTEVES THE QIGHT 10 MARL CHANCES AT ANT 
IN OPTER 10 1WPROSE OLSIGN AND TO SUPPLE Tul BUST PRODUCT Pct 


TYPES 2N5663, 2N5684 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N5685, 2N5686 


© 300 Watts at 25°C Case Temperature 

e 50-A Rated Continuous Collector Current 

e Min ft of 2MHzat10V,5A 
*mechanical data 


The case outline falls within JEDEC-TO-3 except for lead diameter. 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


wo 1972 MAt-= 


0190 8 max 
vom Ios 


_ = 
Uhaasere mane cas navman © 
sam Mf ALAUAENT PONT 


OIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


2N5683 2N568- 
“Collector-Base Voltage 2 6 ww ee -60V -80V 
“Collector-Emitter Voltage (SeeNotel) 2... ee -60V -~80V 
*Emitter-Base:Volisge: jie seh He Beet aeectitd ae ee, Beale Gee a eG, TA -5V -5V 
“Continuous Collector Current 6 ww ee o— -50A —> 
“Continuous Base Current 2 6 2 o—-15A—e 
“Continuous Device Dissipation at (or below) 25°C Case Temperature (SeaNote2) . . . . . -—300W — 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (SeeNote3) . . . o—SW—e 
“Operating Collector Junction Temperature Range. ww ee ee -65°C to 200°C 
"Storage Temperature Range 2 2 2 6 we ee ee -65°C to 200°C 
* Terminal Temperature 1/16 Inch from Case for 1OSeconds. . . . 2. ee ee — 235°C —o 


NOTES: 1, These values apply when the base-emitter diode Is open-circulted. 
2. Derate inserly to 200°C case temperature at the rete of 1.718 WAC oF refer to Olssipstion Derating Curve, Figure 1, 
3. Oerate IInearty 10 200°C free-air tempereture st the rete of 28.6 MW/*C oF refer to Olesination Derating Curve, Figure 2. 


“JEDEC registered date. This date eheet conteine all epplicebie registered data In effect at the time of publication, 


nl 


TEXAS INSTRUMENTS 2-379 


TYPES 2N5683, 2N5684 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


“electrical characteristics at 25°C case temperature (unless otherwise noted) 


ee 


Collector-E mutter 


v . 2 F SeeN 6 
(BAICEO a eaxdaan Voltage eyo v 


: SSN OEE , wo a ‘s+ 0 a ee 
ren 
CEO ollector Cutott Carre: Wee a0, 70 
weer “ee 15V EE ee 
~ ike Nee. 3S. | i 7 
\cev Collector Cutolf Current cE be ne 


1 Collector Cutott C Nears 60N 2 te mA 
ceo lector Cutotl Current ! = 
[Veg avg 0 as ee] 
1EBO Emitter Cutott Current Veg? -3V Io +0 a i 
Static Forward Current GeeNowséara7 Lio co] 15 60) 
se ges. 
-? 

aap eee eae ee! 

a 


P= 5 | ae 
Forward Current Transter Ratio 


: Js | bed 
, Small-Signal Commo Emitter 
| Vv -10V Ie 7 -5SA 1. 17H y 
Mte! Forward Current Transter Rata ce : oS t 7 || 
Common. Base Open-Circunt 
Veg: -l0v, lg - 0, f > O.1 MHe 2000 2000 
bbe Output Capacitance ce id Le | 


ITES. 6. These parameters Mont De moaterec v3.49 DL 'se tecMraves ty, JOO us duty cycle © 2% 
Bre mestred w Ih voltage sent ng contacts separate from ine current carrying contacts and located within 0.175 


Transter Ravo 


Base Emitter Voltage 


Collector. Emitter 


VCE (ast) See Notes 6 and 7 


Soturation Voltage 
Smait-Signal Common Emitter 


7 These peram 


inch trom #209 
THERMAL INFORMATION 
CASE TEMPERATURE FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


Agjc < 0.58°CAY Roya % 35°C/w 


aRReRNG 


NX 


Py~Maximum Continuous Device Dissipation—W 


Py7—Maximum Continuous Device Dissipation—W 
i] 
8 


tee aS 
3 IN ‘ 
0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200 
Tco-Case Temperature—"C Ta—Free-Air Temperature—"C 
FIGURE 1 FIGURE 2 
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TYPES 2N5685, 2N5686 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


ge 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N5683, 2N5684 


e 300 Watts at 25°C Case Temperature 
e 50-A Rated Continuous Collector Current 
© Min fT of 2MHzat10V,5A 


SBOSNZ ‘SEOGNZ SIAL 


chanical data 


The case outline falis within JEDEC-TO-3 except for lead diameter. 


THE COLLECTOR 18 ELECTRICAL CONTACT WITH TRE CASE 
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OIMENSIONS ARE IN INCHES 


‘ule maximum ratings at 25°C case temperature (unless otherwise noted) 


2N5685 2N5686 
“Coltector Base Voltage 6 6 6 ee 60V BO0V 
“Collector-Emitter Voltage (See Note 1 Be 1dy apelee Ho areas Var gee gece ee eye SL Gee tone oad 60V 80V 
"Emitter-Base Voltage 6 www SV 5V 
“Continuous Collector Current 2 6. —HOA—e 
“Continuous Base Current . Ca ROOT ea we ee ae Ta, CR ee rr o—15A—e 
“Continuous Device Dissipation at t (or betow) 25°C Case Temperature (See Note2}) . . . . . —wwW— 
Continuous Device Dissipation at (ar below) 25°C Free-Air Temperature (See Note3) . . . o-—5W—— 
"Operating Collector Junction Temperature Range... ee -65°C to 200°C 
“Storage Temperature Range «1. ee -65°C to 200°C 
Terminal Temperature 1/16 Inch trom Case for10Seconds. . . 2... 2 eee ee é — 735°C —o 


31. These values apply whon the base emitter diode Is opsn-circuited. 


perature at the rate of 1.715 WiC or reler to Ditsipation Derating Curve, Figure 1, 
the rete of 28.6 mW/‘C or refer to Olssipation Oersting Curve, Figure 2. 


je tamperature 


EC reg-stered data. This data shest contains all applicable registered data in effect at ihe time of publication, 


TEXAS INSTRUMENTS 2-381 


TYPES 2N5685, 2N5686 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


"electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


Callector-Emitter 


vi te * 200 mA la* 0 
(BRICEO Beacon Voltage c sare a 


IcEO Coltector Cutoff Curcent 


1 Cutott 
Collector Cutott Current Vge*-15V.  To+ 150C 


Vag 218i Te = 150 C 


Collector Cutoff Current 


lEBO Emitter Cutolf Current 


Stauc Forward Current 
Trenster Rovio 

7 ; e254. 
Base-E mitter Voitage Von? av. 


Veelaii Cotlector-E mutter 
Satsratron Voltage 

Small. Signai Common-E miter 

Forward Current Transier Ratio 


Sma'-Signa: Comnor-E miter 


Forward Curren: Teanster Rato 
Common-Bate Open-C.rcv.t 


(-01MH 
Output Capacitance Me ‘ 


stl De Meessred sang pulse 1ecMA ques. 1, = 300 ut, duty cycle S 2% 
8 MOOS." 8O With Voltage sensing COMtects separate from the currant Carrying contacts and located within 0125 
@ body 


anch from ihe 


THERMAL INFORMATION 


CASE TEMPERATURE FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


P+—Maximum Continuous Device Dissipstion-W 
w 


Py-—Maximum Continuous Device Dissipation- W 


0 
0 25 50 75 100 125 150 175 200 tt) 26 S50 75 100 126 160 176 200 
Tc—Case Temperature—°C Ta—Free-Air Tempersture—C 
FIGURE 1 FIGURE 2 
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2N5707 
SILICON NPN VHF POWER TRANSISTOR 


e739 


Emitter Isolated from Case 


Intermodulation Distortion Better Than 30 dB 
at 25 W P.E.P. 


@ Emitter Resistor Stabilised for Class AB S.S.B. 
Applications 


mechanical specification 


Way 
1270 


AL UMENSONS are in mm 


absolute maximum ratings (Tcase * 25 °C) 


Collector-Base Voltage . 


Collector-Emitter Voltage (Ig = 0 oe. Mie Fei ae Be Beis 3 Pe as Se aa SOV: 
Emutter-Base Voltage Bese gai res cee gta eee eo ar AD. Si Tip ds, Ah oe av 
Continuous-Collector Current By Tee ade LEE tn a I Cia th PER ia BE ay Tae cag ah 2 aa 
Continuous-Base Current . Wh ge Cal fas “age oat so sae pee ete ay, at Zap ies 1A 
Continuous Dissipation . Sites a a Se, ae orl eB ay ode a ae Se er TOW 
Operating Temperature Range we ee we ee ee ee ew ee 65 OC to +200 OC 


Caution 


All TO-128 headers incorporate Beryllium Oxide which is a toxic white material. Suitable precautions should be taken by all 
personnel handling these devicos; in particular, those for disposal should not be thrown out with the general waste. In the event 
of the oxide being exposed or broken, avoid contact with the skin or inhaling of the dust. 


A service is available to customers for disposal of expended units. These must be individually wrapped securely packed and 
Clearly labelled, and returned to the VHF Power Department at Bedford. When.requiring disposal of broken units, which must 
fot be sent through the post contact the above department for advice. 


ay 
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2N5707 


SILICON NPN VHF POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN MAX UNIT 

VipRicBo Collector-Emittes Breaxdown Voltage Ig = 20mA 70 v 
loEx Collector-Emitter Cutoft Current Vee*60V. Vee*-15V 10 mA 
‘ego Emitter-Base Cutoff Curent Vepr4y. Ic 20 10 mA 
LVcEO Collector-Emitter Breakdown Voltage ee O2A, Ig + 0, See Note 1 so v 
IcEO Collector-Emitter Cuioft Current Vee * 30V. ig 20 5 mA 
hee Static Forward Current te = O.1A, Vee 10V See Nowe 2 6 50 

Trarster Ratio ic 3.04, Voce r5Vv See Note 2 10 

Common-Bate Open-Circurt 
Cebo Guipar Casschiice Vep*30V. IE <0, {= 1 MHz 60 oF 

Small Signal Common-Emitter 
Inve! Forward Current Transfer Ratio Ign lA, Vce=28V, f= 50MHz 1 
jc Junction to Cue Thermal Resistance 25 Cw 
Pout RF Power Output f) = 3OMHz,  f, = 30.001 MHz 20 wep 
IMO intermodulation Orstortion Pin O.B8WPEP, Vcc-28V See Note 3 32 eB 
Ne Collector Efficiency 40 x 


NOTES: 1. Pulse Test. Pulse Duration S - 10s Duty Cycle <2 %. 
2. Pulse Test, Pulse Duration < 300 ps. Duty Cycle <2 %. 


3. Two Tone Measurement. PEP Power equals two times average power. 


TYPICAL POWER OUTPUT vs POWER INPUT 


Voc" 28V 
Frequencies (two tone) = 30 MHz, 30.001 MHz 
Collector Quiescent Current (Icq) » 20 mA 


Power cuipul - Wotls PLP 


{ 
| ; 
° on 08 on rT’) 135 
Power Inga - warns PEP 


FIGURE 1 


INTERMODULATION DISTORTION vs Icg 


Voc = 28V 


Frequencies (two tons) = 30 MHz, 30.001 MHz 


Pout = 25 PEP 


40 


20 S i 


Intermoduial on Datortion (1#0) - dB 


lor Quiescent Current . ma 


FIGURE 2 
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2N5707 
SILICON NPN VHF POWER TRANSISTOR 


COLLECTOR EFFICIENCY vs RF POWER OUTPUT 
Vee « 28V 

Frequencies (two tone) = 30 MHz, 30.001 MHz 

Collector Quiescent Current (icq = 20mA 


Com Sy e's Reyer tg Fete 


° Fs) o a ~ $0 
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FIGURE 3 


AF POWER OUTPUT 


Voc + Vv 


vi RF POWER OUTPUT 


INTERMOOULATION DISTORTION 


Frequencees (two tone) = 30 MHz, 30.001 MHz 
Collector Quiescent Current (icq) = 20 mA 


lnteemoduiation Distortion (IMD) - 00 


va COLLECTOR SUPPLY VOLTAGE 


Frequencies (two tone) « 30 MHr, 30.001 MHz 
Collector Quiescent Current (icq) = 20 mA 


IMO « -30 dB 
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2N5707 
SILICON NPN VHF POWER TRANSISTOR 


ABSOLUTE MAXIMUM AREA OF OPERATION 


SAFE AREA OF OPERATION Tcase * 25 °C THERMAL DERATING 


g o7s 
4 3 

E 3 

5 r 

H e 

: Faia 
3 

FY % 

3 é 


Temperature - °C 


FIGURE & FIGURE 7 


2 establith the absolute maximum area of operation for this device It is necessary to apply deratings both for cata temporature and voltage, 
aceed a8 follows: 

' Establish mean device dissipation and heat sink dimensions 10 determine the device working case temperature. 

’ Read off the Power Deraiing Factor from Fig. 2. 


2) Multuply either voltage or current rating given by Fig. 1 by the Power Derating Factor. This gives the volt-omp. (i.e. power) rating under 
the given conditions. 


NOTE: Where the device 16 subsected to Dower pulses of shorter duration then the thermal time constant, operation ist safe ot Peak Power lovely 
greater then the DC sate ares of operation. 
In particuler under class Bor C RFE operation, when power pulse widths ore a small fraction of the thermal time constant, dissipation 
is henited only by the maximum thermal resistance. 


TYPICAL |hggl vs COLLECTOR CURRENT TYPICAL Cogo ve COLLECTORA-BASE VOLTAGE 
Neg osv t i j ! t Parr ] 
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3 i i | 
= i i : | : 
= | ! 
; : 
i 
1 
! | 
! 1 
o ! \ + ° 
c) Ed 7) @ oo i) 20 ° i) Fo 
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FIGURE 8 FIGURE 9 
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2N5708 
SILICON NPN VHF POWER TRANSISTOR 


873 


mechanical specification 


Wad 
1270 


Ad mennens ore in mm 


absolute maximum ratings (Tease = 25 °C) 


Collector-Base Voltage. 2 ww we ee eee ee 708 

Collector-Emitter Voltage (Ige QO). 2 6 2 6 ee ee ee ee ee SOV 
Emitter-Base Voltage? 2.0.6 6 es ee a a a Se ew ewe a 4Vv 
Continuous-Collector Current: 2. ee ee ee ee te eee) GA 
Continuous Dissipation. 2 6 1. ee eee ee ee ee ee T00W 
Operating Temperature Range 2 ww we ee ee ee HOC to +200 OC 
Storage Temperature Range . 1.) we ee ee ee ee ee ee BH OC to +200 96 


Caution 

All TO-128 headers incorporate Beryllium Oxide which is a toxic white material. Suitable precautions should be taken by all 
personnel handling these devices; in particular, those for disposal should not be thrown out with the general waste. In the event 
of the oxide being exposed or broken, avoid contact with the skin or inhaling of the dust. 


A service is available to customers for disposal of expended units. These must be individually wrapped securely packed and 
clearly labelled, and returned to the VHF Power Department at Bedford. When requiring disposal of broken units, which must 
not be sent through the post contact the above department for advice. 
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2N5708 


SILICON NPN VHF POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


ViBRICES 
'ces 
VeRIEBO) 
VBRICEO) 
nee 


Cobo 
Inget 
Dc 
Gre 
Tk 


'Mo 


Output Capacitance 


Large Signsl Common 


Collector Efficiency 


OUTPUT POWER v FREQUENCY 


PARAMETER TEST CONDITIONS MIN MAX UNIT 
Collector-Emitter Breakdown Voltage I¢= 100MA, Vege +0 70 v 
Collector-Emitier Cutoff Current Vce °c 55V. Vee “0. Te = 559°C 5 mA 
Emitter-Base Breakdown Valtage lps 10mA, Ic xO 4 v 
Collector-Emitter Breakdown Voliage Io 2 100mA, Ip =0 so Vv 
Static Forward Current Transter Ratio Ie = 100mA, VeEe=10V 5 so 
Common-Base Oper-Circuit Vop « 28V. Ig 20. {= 1MHz 90 pe 
Smail Signal CommorrEmuter a 
Forward Current Transfer Ratio Ig-200mA, Veg ~ 28V. ia pM : 
Junction-to-Case Thermal Res:stance 1.75 oCM 

i, > 28 *AHz, f; 28.001 MHz 13 3B 
Emitter Power Gain Yee = 28V 
Collector Bias Current = 50 mA 35 % 
intermodulation Distortion Pour = 40 W Peak 32 08 
Relative to either of two O P Tones 20 W Average 2 
OUTPUT POWER v INPUT POWER 
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FIGURE 1 FIGURE 2.- 
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SILICON NPN VHF POWER TRANSISTOR 
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INTERMODULATION DISTORTION 
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FIGURE 4 
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2N5708 
SILICON NPN VHF POWER TRANSISTOR 


COLLECTOR CURRENT SAFE AREA OF OPERATION 
w BASE-EMITTER VOLTAGE AT To = 25°C MAXIMUM 
or ES a 
Snes Siaes 
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THERMAL ODERATING FACTOR 
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FIGURE 8 
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2N5709 
SILICON NPN VHF POWER TRANSISTOR 


a7a 


e 80 W PEP SINGLE SIDEBAND TRANSISTOR 


mechanical specification 


A Gmeonwans are mmm 


absolute maximum ratings (Tease = 25 °C) 


Collector-Base Voltage. . . . 


Collector-Emitter Voltage (lg =O) 2 2 1 6 ee ee ee ee ee DOV 
Emitter-Base Voltage Lie 8 th: sa, Veh pdbe aod tk! vo bla were tac ta Sm ae ee 4V 
Continuous-Collector Current... gi ehe seh Pa oe a ee Se ee CTA 
Continuous-Dissipation . ge ee alee WE ER WO ea a) Ee ee TOW 
Operating Temperature Range we ee ee ee ee ee ee ws 65 OC to +200 90 
Storage Temperature Range 2 2.) 2 ee ee ee ee ee + «6G OC to +200 OC 


Caution 

All DIA 4L headers incorporate Beryllium Oxide which is a toxic white material. Suitable precautions should be taken by all 
personnel handling these devices; in particular, those for disposal shoutd not be thrown out with the general waste. In the event 
event of the oxide being exposed or broken, avold contact with the skin or inhaling of the dust. 


A service is available to customers for disposal of expended units. These must be individually wrapped securely packed and 
clearly labelled, and returned to the VHF Power Department at Bedford. When requiring disposal of broken units, which must 
not be sent through the post contact the sbove department for advice. 
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2N5709 


SILICON NPN VHF POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


VIBRICES 
'Ces 
VBRIEBO! 
VIBRICEO 
bre 


Cobo 


Inge! 


Gee 


OUTPUT 


MIN MAX UNIT 
Collector-Emitter Breakdown Voltage I¢ = 100mA, Vee*0 70 v 
Collector-Emitter Cutoft Currant Vce*S5V¥. Vee 70. To = 55°C 10 mA 
Emitter-Base Breakdown Voltage Ig = 1.0mA, Ilo=0 4 v 
Collector-Emitter Breakdown Voltage ig = 100 mA, Ip2o 50 v 
Static Forward Current Transfer Aa10 Ig = 200mA, Vee *10V s 50 
Common-Base OpenCircuit 
. ig = ® F 
Output Capacitance Veg * 28V. eo, (21MH2z 170g 
Small Signal Common-Emitter 
Forward Current Transfer Ratio ic 200mA. Vee * 28V, A eO MHZ ' 
Care Sianali commen 1) 228MHz, fz © 28,001 MHz 13 8 
Emitter Power Gain : 
intermodulation Voc = 28 32 4B 
Distortion PouT 7 40 W Average 
80 Wi PEP 
Collector Efficiency Collector Bras Current = 100 mA 40 » 
POWER v FREQUENCY OUTPUT POWER v INPUT POWER 
Of oe ee eae 


Ovipul Power - 


Frequency - Meta 


FIGURE 1 
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FIGURE 2 
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SILICON NPN VHF POWER TRANSISTOR 
i 


INTERMODULATION DISTORTION (MD) 
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2N5709 
SILICON NPN VHF POWER TRANSISTOR 


COLLECTOR CURRENT SAFE AREA OF OPERATION 
vBASE-EMITTER VOLTAGE Te = 25 OC Maximum 


Ic, Collector Current 


Collector Currents - mA 


Vpg Base -Emoner Veitage - vor YCE Collector - Emeiter Vollage 


FIGURE 7 FIGURE 8 


THERMAL OERATING 


Powe Oeroting Factor 


2 wm 
Temperature - C 


FIGURE 8 
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TEXAS USTAUMENTS ACEEAVES THE AIGAT TO MAKE CHANGES AT A! 
IM DAOER TO WPROVE DEMIGN AND TO MUPPLY THE E81 PACOUCT 


TYPES 2N5758, 2N5759, 2N5760 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
RECOMMENDED FOR COMPLEMENTARY USE WITH TIP544, TIP545, TIP546 


® 150 W at 25°C Case Temperature 
e 6-A Rated Continuous Collector Current 
e Min ft of 1MHzat 20V,05A 
“mechanical data 
The case outline falls within JEDEC TO-3. 


THE COLLECTOR IS IN ELECTAICAL CONTACT WITH THE CASE 


0975 8 max 


O16 @ man 
norm tot 
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DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
2N5768 2N5769 2N5760 


“Collector-Base Voltage 6 ww 100V 120V 140V 
“Collector-Emitter Voltage (See Note 1) 2 6 6 ee ee ee ee 100V 120V 140V 
“Emitter-Base Voltage 2 6 6 ww ee ee 7v 7V Vv 
"Continuous Collector Current 2 6 2 ee ee —— 6A ——* 
"Peak Coltector Current (SeeNote2) 2 2 6 2 ee o_ 10A —__- 
“Continuous Base Current ww we o— 4A ——-+ 
*Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note3) . . «—— 150W———e 
Continuous Device Dissipation at {or below) 25°C Free-Air Temperature (See Note 4) . «— 5W ——o> 
“Operating Collector Junction Temperature Range... ee ee es -65°C to 200°C 
“Storage Temperature Range. 1 we ee -65°C to 200°C 
* Terminal Temperature 1/16 Inch from Case for 10Seconds. . 2 2 2 2 ee ee es — 235°C —_+ 
NOTES: . Thase values apply when the base-emitter diode Is open-circulted. 


1 
2. This value applies for t,, S 0.3 ma, duty cycle < 10%. 5 

3. Oerata linearly to 200°C case temperature at the rete of 0.857 Wi C 

4. erate linearly to 700°C free-air temperature ot the rete of 28.6 miv/*C. 


“JEOEC cagistered date. This data sheet conisine all epplicable registered date In effect a1 the time of publication. 
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TEXAS INSTRUMENTS 2-395 


TYPES 2N5758, 2N5759, 2N5760 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


“electrical characteristics at 25°C case temperature (unless otherwise noted} 


2N5758 
AE TER Vest CONDITIONS | 2ns7se_[ 2ns759 | 2N5760 | 
MIN_MAX|MIN MAX|MIN MAX] 


Cotlector-Emitier | 
v ig 20. See Note 5 100 14 
IBRICEO Breakdown Voltage i fio | ° 
IcB0 Collector Cutott Currest [ma 
! 
IceO Collector Cutotl Current as ma | 
| 
Wee + 140V. Vees -15¥ ! 
lcev Coltector Cutoff Current T00V ra, 
g 5 
leno Emitter Curott Currert ‘Vegt7Vv.  t¢70 1 1 thea: 
~ 1 
Static Forward Current c a Sia Noss enue 25 00 | 20 80) 15 60! i 
Transtar Alat.o . 5 $ 5 f 
See Notes 5 and G 1s[ 15 | asf iv, 
Ht o tH 1 H 
Collector € mutter ’ See Notes 5 ond G u u Vv 
Seturaton Voitege 9 2 2 2 2 
1 
hy \Veer IOV. Ice 2A. f+ 1kH? ’ 1 
te Forward Current Transter Geno ce c . 7 % | 
. Smatt-Signal Common Eritier | ] 
y Vce*20V. ics O05A, t+OSMHr 2 
tel Forward Current Transter Reto ce c ? | 
CommonBew OperCirce 1 ' 
Py Veg t10V. tg *0. t OV MHe 300 a 
eee Output Capaciance ig . 390 30))::8 


NOTES §. These parameters —.1: De “e0s.70d 2445 D-Ise tocmn Goes ty, = JOO us duty cycle & 2% 
6. These param 


eased mith 0 toge 078g Contacts separate 11O™ Iho Current carrying Contacts and located with 90.125 
Inen from device body 


*JEDEC registered dats 


2-396 Texas INSTRUMENTS 


TETAS INSTRUMENTS BCSTOVES THE RIGHT (O MapT GHNMLS OT ANY id 
IN OROLE 10 IMPROWE OLSIGN AND TO SUPPLT BE AEST POZE 


2N5941T 
SILICON NPN VHF POWER TRANSISTOR 


40 W P.E.P. S.S.B. TRANSISTOR 


mechanical data 


CHtector 


Poors gecniem 


absolute maximum ratings (Tease = 25 °C) 


Collector-Base Voltage. 2 . 2 ew BPS boa tae TE eg Pe Ay enh Pee ae she Ge 68 
Collector-Emitter Voltage (ig =O). 2 2 6 ee e 
Emitter-Base Voltage 2 6 wk 4V 
Continuous-Collector Current 2 6 GA 
Continuous Dissipation, 2 6. ee ee ee ee ee ee BOW 
Operating Temperature Range Pe ee ee eee ee ee ee 65 OC to #200 9C 
Storage Temperature Range . . . . ew -65 °C to +200 9C 
Caution 


All DIA 4L_ headers incorporate Beryllium Oxide which is a toxic white material. Suitable precautions should be taken by all 
Personnel handling these devices; in particular, those for disposal should not be thrown out with the general waste. In the event 
of the oxide being exposed or broken, avoid contact with the skin or inhaling of the dust. 


A service is available to costomers for disposal of expended units. These must be individually wrapped securely packed and 
clearly labelled, and returned to the VHF Power Department at Bedford. When requiring disposal of broken units, which must 
not be sent through the post contact the above department for advice. 


eS ID 


VILE LIMINARY DATA SHEET 
Sepplementory data may be 


sUlshe dil “at oe ater ae Texas INSTRUMENTS 2-397 


2N5941T 
SILICON NPN VHF POWER TRANSISTOR 


SS 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN MAX UNIT 

ViBRICES Collector-Emitter Breakdown Voltage Ic = 100mA, Vge=0 6s v 
lees Collector-Emitter CutoH Current Voce 2 28 V. Vee 90. Te = +55 °C 5 mA 
VigAieBO Emitier-Base Breaxdown Voltage Ig = Tima, Ic 20 4 Vv 
ViBARICEO Collector-Emstter Breakdown Voltage Ic = 100 mA, 35 v 
hee Static Forward Current Transfer Ratio Ie 20.54, Vce*SVv 10 

Common-Base OpenCircuit 

. te = = 

Cobo Output Capacitance Vep* 28V, €*0, (=1MHz 125 pF 

Small Signal Commorn-Emitter 3 . . 
re! Forward Current Transter Astio 'c°0.25A, Vces!5V. f= SO MHz d 

Large Signal Common ft, >3OMHz, =f; » 30.001 MHz 
Gpe 13 dB 

Emitter Povser Gain Vee ° 28 V. Io = 1.78 A max. 

Ee eae eee 

Intermodutation PouT * 20 W Average 
‘wD Distortion 40 W PEP -30 4B 
a = 
Ne Collector Efficiency Collector Bias Current » 20mA 40 % 

OUTPUT POWER wu FREQUENCY OUTPUT POWER vs INPUT POWER 


< 


Voc + ev 
"Icq + 20ma 
i} 


: 


i 
i 
| 
| 
Py f: 7 
Fy | 
I z ae 
3 H 
é 3 
. | 
0% eas . ‘ 
o O% 08 12 iT} 
Frequency - M4e Input Power - Ww 
FIGURE 1 FIGURE 2 


2-398 TEXAS INSTRUMENTS 


2N5941T 


SILICON NPN VHF POWER TRANSISTOR 
—————— 


INTERMODULATION DISTORTION 
ws OUTPUT POWER 


Output Power - w 


FIGURE 3 


Cota vs COLLECTOR BASE VOLTAGE 


Coector Base voltage - Yoils 


FIGURE & 


LINEAR OUTPUT CAPABILITY 
va SUPPLY VOLTAGE 


he ue AEP Sie ee, a 1 

tz. Won, ‘ 

Iegeea ” . ! 
0) MD. NB ole os p 


Ovipul Power Ww 


FIGURE 4 


INTERMODULATION DISTORTION 
vs COLLECTOR BIAS CURRENT (icq) 


Inteemodulation O-stor hon 


TEXAS INSTRUMENTS 


2N5941T 
SILICON NPN VHF POWER TRANSISTOR 


COLLECTOR CURRENT vs SAFE AREA OF OPERATION 
BASE EMITTER VOLTAGE AT Te = 25°C Maximum 


CF 
Bau Ene vo lcge Collector Crunes vorage 


FIGURE 7 FIGURE 8 


THERMAL DERATING FACTOR 


Ter perature - *C 


FIGURE 9 


SD 


TEXAS I N ST R U M ENTS Th Cancer stuuira ony Pentre telly foe any Cres Pee 
2-400 i hegeal pene : 


TU RAS INST RUMEN IE EESERVES THE S.Geet TO Mane Coane SAT At 
1% ORDIA 10 (PROVE DT EIGN AMO TO SPLY THE BEET PRODUSE 


2N5942 
SILICON NPN VHF POWER TRANSISTOR 


673 


80 W P.E.P. SINGLE SIDEBOARD TRANSISTOR 


mechanical data 


TAI rae 


Atierer 4.995 are mm 


absolute maximum ratings (Tcase = 25 °C 


Collector-Base Volilage. 2. 2. 2... we ee fh ae she 1h ah, EA GARD Dae a ot a BEY 
Collector-Emitter Voltage (lg =O). 2 2 6 2 ee eee ew OV 
Emitter -Base Voltage eee eee he Fay Ser etaitean ean Be av 
Continuous Collector Current aoe, asc, Aa ee Gee! We NG Meta aoe eae 0 coe ge RIA 


Continuous Dissipation . wh Se cat sah Gal, Soe poh OPE Gy ee Se OR Mh eed An Po eo a ay ede 2 AO W 
Operating Temperature Range 2. | we ew ee ee ee ew ee = 65 OC to +200 OC 
Storage Temperature Range ao 2 sot eee ee ee + © 65 OC to +200 OC 


Caution 

All DIA 4L headers incorporate Beryltium Oxide which is a toxic white material. Suitable precautions should be taken by all 
Personnel handling these devices; in particular, those for disposal should not be thrown out with the general waste. In the event 
of the oxide being exposed or broken, avoid contact with the skin or inhaling of the dust. 


A service ts available to customers for disposal of expended units. These must be individually wrapped securely packed and 
clearly labelled, and returned to the VHF Power Department at Bedford. When requiring disposal of broken units, which must 
fol be sent through the post contact the above department for advice. 


a CTD 


PRELIMINARY DATA SHEET 
Opplementary data may be 


bublihed at ae lanes asta, TEXAS INSTRUMENTS 2-401 


2N5942 
SILICON NPN VHF POWER TRANSISTOR 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN MAX UNIT 
ViBRICES Collector-Emitter Breakdown Voltage Ice t0OmA, VgeE=0 6s v 
'ces Collector-Emitter Cutoff Current Vee 2 28 Vv. Vee «0, Te = °55 °C 10 mA 
VieRIEBO Emitter-Base Breakdown Voltage les ima, .Ico#0 4 v 
ViBRICEO Collector-Eminer Breakdown Voltage Ic = 100mA, Ig=0 See Note 1 36 v 
hee Static Forward Current Transfer Ratio Ios tA, Voce *5V 10 
Cobo Common-Base OpenCircuit Veg «28. Ig = 0, (=. Mie 250 oF 


Output Capacitance 
Small Signal Commor-Emitter 


tel Forward Current Transter Ratio Wor O.BiAy « Vee SSN... 1.50 MHz : 
G Large Signa Common ft, = 30 MHz, f; © 30.001 MHz 3 a8 
PE Emitter Power Gain Vec > 20V. I¢ = 3.575 A max. 
Intermodulauon Pout = 40 W Average 56 i 
‘wD Distortion 80 W PEP 
Te Collector Efficrency Collector Bias Current « 40 mA 40 *% 
OUTPUT POWER v FREQUENCY 
Otsu! Powe -@ OUTPUT POWER v INPUT POWER 
nor ~ : ee eS Gee gieae 
Mee + vay | ! i : 
11CO © 6ma ‘ : i 
io: 1-2. S0¥ae i i 


Ayn = Kouarbery 
-” 


Ovipet Power 


Inpul Power - Ww 
FIGURE 1 


FIGURE 2 


2-402 TEXAS INSTRUMENTS 


2N5942 
SILICON NPN VHF POWER TRANSISTOR 
_—— ee ee 


INTERMODULATION DISTORTION (IMO) LINEAR OUTPUT CAPABILITY 
v OUTPUT POWER v SUPPLY VOLTAGE 
OPn ae Ae Sete le _ Sts aae SS i erent eri a a es rea | 
See « 2BV 1 Go Xeme ’ : : | 
Icq 1 4oma : 8g 0 ON re j i i ' 


hejowee , : eq «toma ‘ ‘ 
12.0 20001Mag >t + Se eae | ‘DINO 1. fb 


2 i 
g-2 eee a a oy -—__+__---—__ - —__ +—_~, 
4 . 
3 z 
‘ €4 
§ t 
® g 
3 é 
a 
©.- wo 
ls Hl 
z os 
= a 
& 


cry 


&y 7 7 Fr Ed a 
Svaply Yonloge 
FIGURE 3 FIGURE 4 
Cobo v COLLECTOR-BASE INTERMODULATION DISTORTION 
VOLTAGE v COLLECTOR BIAS CURRENT {icq) 
on 1 eases 


Inter modulation Oestor ion 


Coltector - base wallage - ¥ 


FIGURE 5 FIGURE 6 


TEXAS INSTRUMENTS 2-403 


2-404 


2N5942 
SILICON NPN VHF POWER TRANSISTOR 


COLLECTOR CURRENT v SAFE AREA OF OPERATION 
BASE-EMITTER VOLTAGE Te ~ 25°C MAXIMUM 


1 : 2 ae = Oe a Meal ees GE eee 


6. ea os oi Tea Coen y “a 
Voc . Boe. Emitter vctoge! eats, VEC. Celecice- Eoretter wattage 
FIGURE 7 FIGURE 8 
= 7 = ' 
1% 


Pome Derotiny Factor 
‘2 
3 


GIs 


“2 6 D nO” “8 > 200 
Temcerclare -*C 


FIGURE 9 


TExAS INSTRUMENTS 


TEAL EDL Es MEL OES THT IGT 10 ae CRANES AT AN 
SCROL EE TQ OP ROTE ONG AMD TO SURRY Ut BELT PAGDUCT A 


TYPES 2N6326, 2N6327, 2N6328 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N6329, 2N6330, 2N6331 
@ 200 W at 25°C Case Temperature 
@ 30-A Rated Collector Current 
@ 200-mJ Reverse Energy Rating 
@ High SOA Capability, 20 V and 10A 


“mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 
ALL JEDEC TO-J DIMENSIONS AND NOTES ARE APPLICABLE 


ALL DIMENSIONS ARE IN INCHES 


“absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
2N6326 2N6327 2N6328 


Collector-Base Voltage. ww ww ee eee. COV BOY 100V 
Collector-Emitter Voltage {See Note Ws, Fas PRS ei Rech Aa Do A 60V 60 Vv 100 V 
Emitter-Base Voltage . . be Ee: Gee esd thet, ad. Ten wh a edecae oll eohig Sy Wee 8 SV Sv sv 
Continuous Collector Current Bsa A iar i STR ae RO ee a at 2. 310A 
Peak Collector Current (SeeNote2) 2 2 6 we Li OT 4OA 
Continuous Base Current 3. 1. ee - oo... oo 10a 
Safe Operating Areas at (or below) 25° C Case Temperature Bt vas Fis, wae GU aE Bee See Figures J and 4—e 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) 9. . «———200 W————> 
Continuous Device Dissipation at 100°C Case Temperature (See Note 3)- - - - . - -—— 114 WwW ——> 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4). *————- 5 W —_- > 
Unclamped Inductive Load Energy (SeeNote5) «ww ee —— 200 mJ ——e 
Operating Collector Junction Temperature Range . 2... ee ee ee ee — -65°C to 200°C —e 
Storage Temperature Range bs ctb iran Se, etsy caimat fe gut eee bee ae hey cist <i Ce oo Lo... @—-65°C to 200°C —o> 
Terminal Temperature 1/8 Inch trom Coe tor WOSeconds 2 2 2 ee —\_ 250°C ———+ 
NOTES . These values spply when the bate emitter diode 11 open circuited. 


for ty S 1 ms. duty cycle < 10% 

he rate of 1.14 WAC or refer to Ounpation Derating Curve, Figure 8. 

of 28.6 mW/°C or refer 10 Osssipotion Oerating Curve, Figure 6, 

10 operate sefety in tne circuit of Figure 7 L © 20mH, Rag? = 100 N, 
c7Ls2. 


"JE OEC registered data, This dete sheet contains all applicable registered dats in effect ot tha time of publication 


1 
2 
3 
4 
5 


sss EEE ns) 


TEXAS INSTRUMENTS 2-405 


TYPES 2N6326, 2N6327, 2N6328 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


“electrical characteristics at 25°C case temperature (unless otherwise noted) 


ViBRICEO 


'cEs 


'Eg0 


hee 


Vee 
Vee tun 
Ne 

Peel 


NOTES 6. 
7 


PARAMETER 


TEST CONDITIONS 


MIN MAX 


Coilector-Emitter 


Breaadown Voltage 


Sve Note 6 


co 


Collector Cutolf Current 


MIN MAX 
90 
eee 


Transfer Ratio 


Bawe-E mutter Voltage 


o 
3/8 


Vee = sv _Vee 0 of | _4 
Woe 80V._¥ge=0 = er 
Vv, 10OV. Vger0 
Collector Curott Current ce _ BE pS] 
Vee 30V. Vee-0. To 180 S ae 
Nee 50¥. Veg=0. eee [+i 
Emitter Cutoft Current Weg: 5 1-0, osf os] 05 
Vees sv. ic 8A ae EZ 
Static Forward Current ce c 
Vcer4v. Te: 15A | See Nowes 6 and 7 
Vee -4v. 1¢*30A 
Voce + 4v. te 1S A 
See N 6 ond 7 
tps 2a. 1c? SA 1 5 
Coltector-E mutter Voltage 7 c See Notes G and 7 ae 
igs 754. 1¢=30A ET CE] 
Small-Signal Common-E m.trer Re ae i ia fecvais a 
Forward Current Transfer Ratio | CE . : 
Smali-Signal Commos-E mur 
Fee e ete ce 10V,  Ige TAL tb MMe 3 3 fs | 


Forward Current Transfer Ratio 


There parameters must be measured using Culse tecmmaces t,, ~ JOO ms. duly cycta *. 2". 
Theme parameters are Measured wilh voltages tens:ng contacts separate from the current carrying contacts and located within O 125 


inch from the device DODy 


*JE DEC regstered dats 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS! 


tea 2A. 
RL e222, 


ton Turn-On Time e+ 15a, 
Vaeiot * ~€¥. 


tpiz)* -2 4, 
See Figure 1 


‘Voltage and current values shown are nominal, exact values vary slightly wiih Crangstor parameters 


Tye 


< 


< 


UNIT 


TEXAS INSTRUMENTS 


TYPES 2N6326, 2N6327, 2N6328 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


INPUT 


MONITOR outeut 


MONITOR 


Vea1 = 44V 
ADJUST FOR 
Von = 42VAT 
INPUT MONITOR 


TEST CIRCUIT VOLTAGE WAVEFORMS 
NOTES A Voen 1 @ -20 V pulse (from 0 VI into a 50 2 termination. 
B Tre Vgen wavetorm it supplied by a generator with the following characteristcy’ ty © 1S as, ty < 15S Mt, Zouy 9 SOM t= Ke, 
duty cycle & 2% 
C Waveforms are monitored on an otciltoscape with ths following characterintict: t, S15 8, Rin 4 10MM, Ci S195 DF, 
D. Resistors must be noninducttive types 
E, The dc power supplies may require additional bypatung in order to minimize ringing 


FIGURE 1 


INDUCTIVE LOAD SWITCHING 


(?) vce MONITOR 


“4 pe Gy © 4.6 ms (See Nore Al 


20 mH VOLTAGE 
INPUT 


45A 
COLLECTOR 

_ CURRENT 

Veo = 20V = 

= I¢ MONITOR 


COLLECTOR 


VOLTAGE 
Veai* 10vV> 
20V 


Veet) -L—t ---- --- 
VOLTAGE AND CURRENT WAVEFORMS 


TEST CIACUIT 


NOTE A: Input pulse width Is Increased until leg * 4.8 A. 


FIGURE 2 


TEXAS INSTRUMENTS 2-407 


2-408 TEXAS INSTRUMENTS 7 


TYPES 2N6326, 2N6327, 2N6328 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 
MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT 


vs vs 


COLLECTOR-EMITTER VOLTAGE UNCLAMPED INDUCTIVE LOAD 


PEE Tc < 25°C 


t¢—Maximum Collector Current—A 


t¢—Maximum Collector Current--A 


4 7:10 20 40 70100 200 400 0.1 0204071 2 4 710 20 40 100 
VcE—Collector-Emitter Voltage—V L—-Unclamped Inductive Load—mH 
FIGURE 3 FIGURE 4 


4OTE B: Above this point the safe operating eres has ool been defined 


THERMAL INFORMATION 


CASE TEMPERATURE FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


P7-Maximum Continuous Device Dissipation -W 


Py—Maximum Continuous Devices Dissipation—W 


0 256 50 75 100 125 160 175 200 0 25 S50 75 100 125 150 175 200 
Tc—-Case Temperature—°C Ta—Free-Air Temperature—"C 
FIGURE 6 FIGURE 6 


'" 


wane ony 
thal they ae 
TETAS (HSTRUMENTS MESTAVES THE RIGHT 10 MAE (HANGIS AT 
1H QUD(R TO IMPROVE OLSIGN AND TO SUPPLY THE BEST PRODUCT 


TYPES 2N6329, 2N6330, 2N6331 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N6326, 2N6327, 2N6328 


© 200 Wat 25°C Case Temperature 

e 30-A Rated Collector Current 

@ 200-mJ Reverse Energy Rating 

e High SOA Capability, 20 V and 10A 


*mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 
ALL JEDEC TO.3 DIMENSIONS AND NOTES ARE APPLICABLE 


O75 @ AK 


ALL DIMENSIONS ARE IN INCHES 


*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


2N6329 2N6330 2N6331 
Collector-Base Voltage 6 www ee -60V -80V -100V 
Collector-Emitter Voltage (See Note }) . 2. ee ee ~60V -80V -100V 
Emitter-Base Voltage 6 ww we ee -5V -5V -SV 


Continuous Collector Currant © 1 we ee ee 
Peak Collector Current (See Note 2) 


—— -30A ———e 


o——  -40 A ———_e 


Continuous Base Current 6 ww ee -——-10A ——e 
Safe Operating Areas at (or below) 25°C Case Temperature 2 ww ee ee — See Figures 3 and 4—e 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) —— 200 W-—————> 
Continuous Device Dissipation at 100°C Case Temperature (See Note 3). - - . - +. -——114w-—-— 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) _—— 5 wW——_o 
Unclamped Inductive Load Energy (SeeNote6) «2 6. ee ee ee eee —— 200 mJ-———_+ 
Operating Collector Junction Temperature Range 6 6 ee ee ee —-~65°C to 200°C —> 
Storage Temperature Range ww we ee <— -65°C to 200°C —e 
Terminal Temperature 1/8 Inch from Case for 10Seconds . . . 2 2 7 ee eee -—_ 250°C ———» 
NOTES: 1 These value apply when the base-emitter diode Is open.circuited. 

2. This value eppiles for t, < 1 ms, duty cycle < 10%. 

3 early 10 200°C tne rate of 1.14 W/°C oF refer to Dissipetion erating Curve, Figure 5. 

4. Derats tinesrty 10 200°C # nu of 28.6 mwW/*C oF « sipation Oereting Curve, Figure 6. 

6. This rating le based on the capability of the tr. lors 10 operste safely in the cuccuit of Figure 2, L = 20 mH. Aga? © 100 ft, 


Vo02 7 OV. As 20.12), Veg = 20 V. Energy © Ie 7L/2. 


JE DEC registered data. This dete sheet contains all applicable registered date in affect at the time of publication. 
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TEXAS INSTRUMENTS 2-409 


TYPES 2N6329, 2N6330, 2N6331 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


“electrical characteristics at 25°C case temperature (unless otherwise noted) 


en 


Collector-E mittes 


Vv Ie=-30mA, 19°36, See N 6 
(BRICEO Breakdown Voltage c a 8 oo. 


Vce*-30V, Ig-0 
IcEO Collector Cutoff Current Vces—40V. tg-0 
Vce*-50V. Ip-0 


Vee -60V. Vgp-0 

Vce*-80V. Vge-0 
Vce~-100V. Vee -0 

Vce=—30V, Vpe- 0 c" 150 C 
Vce*-40V. Vge-0. Toe 150C 
Vce*-S0V. Vae-0. To 150C 
Vep--5¥. Ic*0. 

Vor * =4V. 1e*-5A 


See Notes 6 and 7 
30 


i 


wn ln 


Ices Collector Cutoff Current 


ele] eleala 
+ 


lEBpo Emitter Cutot! Current 


Sutic Forward Current 
Transter Ratio 


Emuner Vol SELLS 
a te = —-30A Py | 
ip *®-2A, = -1SA [  -1.8{ 
Wertan) caters voto [Spee igraaea| memento? | st ssp al | 
‘Small-Signal Common-E miter a 
=-10V, f -TAL be V ko: 
ku Forward Current Transier Ravo ro : a : ffm fm | 
Small-Signal Common-E mutter 
hy Ve—E=-10V, IG=-tA, £=1MH; 
i Forward Current Transfer Ratio = S : [a |ia Pe) 


NOTES 6. These parameters must be mestured uang pulse techniques. L, - 300 ws, duty cycle < 2%. 


7, Thwte parameters are measured mith voliage-sensing contacts separate from the current carrying contacts and located within 0.125 
inch from the device body. 


*JEDEC requtered daw 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONSt | tve unity 


ton Turn-On Time ee -15A. tai -2A, 1at2) A ; 06 | 
ton Turn-Ott Tima Vector) "4 V. AL-2n, See Figure 1 [ 09 | 


"Voltage and current values shown are nominal, exact veluen vary slightly with transistor parameters. 


2-410 TEXAS INSTRUMENTS 


TYPES 2N6329, 2N6330, 2N6331 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


INPUT 
MONITOR 


OUTPUT 
MONITOR 


1N914 1NQ14 1N914 


4V— 10% 
nai aa a “= 
‘aaa ee 
Von®42V -1 5, 80% 
t 


Ry«20 
: 
ton te—at btoft—f 
‘ 
aOK, H 
< OUTPUT 
= Vere av 10% 
. 
Vep1 7 44V 
ADJUST FOR 
Von = —42V AT 
INPUT MONITOR * 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. Vogn !8 8 20-V pulse (from 0 V) into 8 60-2 termination. 
8. The Vaan wavetorm ls supplied by # generator with the fallowlng charecterintics: t, S16 na, ty < 15 98, Zouy = 60, ty = 20 ns, 
duty cycle < 2%. 
. Waveforms ere monitored on an oscilloscope with the following characteristics: ty < 15 m, Ay, 2 10 MM, Cin < 11S OF, 
. Resistors must be noninductive typer. 
. The d ¢ power supplies may require additions! bypassing in order to minimize ringing. 


moo 


FIGURE 1 


INDUCTIVE LOAD SWITCHING 


oat yy 7 4.6 ma (Sou Note A) 
(9) Vce MONITOR 4 


i 
input &Y 
VOLTAGE 

0 , ' 


4 
20 mH e+ 100 rp ——41 1 
t 
1 
1 


COLLECTOA 0 
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TEXAS INSTRUMENTS 2-411 


TYPES 2N6329, 2N6330, 2N6331 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUM COLLECTOA CURRENT 
Aad 
COLLECTOR-EMITTER VOLTAGE 


MAXIMUM COLLECTOR CURRENT 
vs 


UNCLAMPED INDUCTIVE LOAD 


40 : aaa Hie 25°C 


a =See Figure 2 


{¢—Maximum Collector Current—A 


I¢-Maximum Collector Current: A 


-4 -7-10 -20 -40 -100 -200 -400 0.1 0.204071 2 4 710 20 40 100 
VcE-Collector-Emimter Voltage—V L—Unclamped Inductive Load—-mH 
FIGURE 3 FIGUAE 4 
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THERMAL INFORMATION 


CASE TEMPERATURE FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CUAVE 


PT—Maximum Continuous Device Dissipation.-W 


Py-Maximum Continuous Deviee Dissipation -W 
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Tco-Case Temperature-°C Ta—Free-Air Temperature—C 
FIGURE 6 FIGURE 6 
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SILIZIUII-RUIWIPLEMEN | AKE-LEIS J UNGS I HANSISTUHEN 
(Allgemeine und NF-Anwendungen) 


SILICON COMPLEMENTARY POWER TRANSISTORS 
(General and Low-frequency Applications) 


Prov 
Typ Te - 259°C VcEO IcD hee (a Ie 
type {100 °C) min max min max 
NPN PNP wo AL A 
BD 239 BD 240 30 45 2 40 0,2 
BD 239A BD 240A 30 60 2 40 0,2 
BD 2398 8D 2408 30 80 2 40 0.2 
BD 239 C BD 240C 30 100 2 40 0,2 
BD 241 BD 242 40 45 3 25 1 
BD 241A BD 242A 40 60 3 25 1 
BD 2418 BD 2428 40 80 3 25 1 
BD 241C BD 242C 40 100 3 ae) 1 
BD 243 BD 244 65 45 6 30 03 
BD 243A BO 244A 65 60 6 30 03 
BO 2438 BD 244B 65 80 6 30 0.3 
BD 243C BD 244 65 100 6 _ 30 03 
BD 245 BD 246 80 45 10 40 1 
BD 2454 BD 2464 80 60 10 40 1 
BD 2458 BD 2468 80 80 10 40 1 
BD 245C BD 246C 80 100 10 40 1 
BD 249 BD 250 125 45 25 25 1,5 
BD 249A BD 250A 125 60 25 25 15 
BD 2498 BD 250B 125 80 25 25 15 
BD 249C BD 250C 125 _100 25 25 NS 
TIP 29 TIP 30 30 40 1 40 200 0,2 
TIP 29. TIP 30A 30 60 1 40 200 0,2 
TIP 298 TIP 308 30 80 1 40 200 ~~ 02- 
TIP 29C TIP 30C 30 100 1 40 200 0,2 
TIP 31 TIP 32 40 40 3 25 “100 1 
TIPS1A TIP32A 40 60 3 25 100 1 
TIP 318 TIP 328 40 80 3 25 100 1 
TIP 31C TIP 32C 40 100 3 25 100 1 
TIP 33 TIP 34 80 40 10 40 125 1 
TIP 33.4 TIP 34.4 80 60 10 40 125 1 
TIP 33B TIP 348 80 80 10 40 125 1 
TIP 33C TIP 34C 80 100 10 40 125 1 
TIP 35 TIP 36 30 40 25 25 100 1,5 
TIP35A TIP 36A 90 60 25 25 100 15 


SS 
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TEXAS INSTRUMENTS 


tT Ices © VcE Gehause Anwendungen, Bemerkungen 


mth (IceEo} package applications, remarks 
Hz HA Vv 
TO-66P 
TO-66P 
TO-66P 
TO-66P 
TO-66P 
TO-66P 
TO-66P 
TO-66P 
TO-66P 
TO-66P Verstarker, Schalter 
TO-66P amplifier, switch 
TO-66P 
TO-3P 
TO-3P 
TO-3P 
ere ast Beet a TO-3P 
TO-3P 
TO-3P 
TO-3P 
a% rane TO-3P 
3 200 40 TO-66P Verstarker, Schalter, komplementar zu TIP 30 
4 amplifier, switch, complementary to TIP 30 
200 60 TO-66P Verstarker, Schalter, komplementar zu TIP 30 A 
Seats amplifier, switch, complementary to TIP 30 A 
3 200 80 TO-66P Verstarker, Schalter, komptementar zu TIP 308 
amplifier, switch, complementary to TIP 30 B 
3 200 100 TO-66P Verstarker, Schalter, komplementar zu TIP 30 C 
eee Se Sy 2.8 amplifier, switch, complementary to TIP 30 C 
c] 300 40 TO-66P Verstirker, Schalter, komplementar zu TIP 32 
amplitier, switch, complementary to TIP 32 
3 300 60 TO-3P Verstarker, Schalter, komplementir zu TIP 32 A 
a A amplifier, switch, complementary to TIP 32 A 
3 300 80 T0-3P Verstarker, Schalter, komplememtar zu TIP 32 B 
amplifier, switch, complementary to TPRB 
3 300 100 TO-3P Verstarker, Schalter, komplementar zu TIP 32 C 
ie et amplitier, switch, complementary to TIP RC 
3 400 40 T0-3P Verstarker, Schalter, komplementar zu TIP 34 
amplifier, switch, complementary to TIP 34 
3 400 60 TO-3P Verstarker, Schalter, komplementér ru TIP 34 A 
a ee ee ee amplifier, switch, complementary to TIP 34A 
3 400 80 TO-3P Verstarker, Schalter, komplementar zu TIP 34 B 
amplifier, switch, complementary to TIP 348 
3 400 100 TO-3P Verstarker, Schalter, komplementar zu TIP 34 C 
amplifier, switch, complementary to TIP 34C 
c] 700 40 TO-3P Verstarker, Schalter, komplementar zu TIP 36 
amplifier, switch, complementary to TIP 36 
3 700 60 TO-3P Verstarker, Schalter, komplementar zu TIP 36A 


, ewitch, complementary to TIPIA 


TEXAS INSTRUMENTS 


Proc © 


Typ Tc = 25°C Vceo Ico bre =I 
type {100 OC} min max min max 
NPN PNP w A A 
TIP 358 TIP 36.B 90 80 25 25 100 15 
TIP 35C TIP 36C 90 100 25 25 100 15 
TIP 41 TIP 42 65 40 6 15 75 3 
TIP 41A TIP 42A 65 60 6 18 75 3 
TIP 41B TIP 428 65 80 6 15 75 3 
TIP 41C TIP 42C 65 100 6 15 75 3 
TIP 3055 TIP 5530 90 70 15 20 4 
BD 633 BO 634 30 45 2 25 1 
8D 635 BD 636 30 60 2 25 1 
BD 637 BD 638 30 80 2 25 1 
BD 733 BD 734 40 32 4 50 2 
BD 735 BD 736 40 32 4 50 2 
BD 737 80738 40 45 4 40 2 
TIP 110 TIP 115 50 60 2 1000 1 
TIP AM TIP 116 50 80 2 1000 i 
TIP 112 TIP 117 50 100 2 1000 1 
TIP 120 TIP 125 65 60 5 1000 3 
TIP 121 TIP 126 65 80 5 1000 3 
TIP 122 TIP 127 65 100 5 1000 3 
TIF 140 TIP 145 125 60 10 1000 5 
TIP 141 TIP 146 125 80 10 1000 5 
TIP 142 TIP 147 125 100 10 1000 5 
Prot 

Typ Ta = 259C Tc = 250C VcEO Icb hee © Ic 
type (100 9C) {100 °C) min max min max 

w w Vv A A 
2N 4915 4 875 60 5 25 100 25 
2N 4998 2 (20) 80 2 30 90 1 
2N 5000 2 (20) 80 2 70 200 1 
2N 5002 (33,3) 80 5 30 90 25 
2N 5004 (33,3) 80 5 70 200 25 
2N 5038 5 140 90 20 20 100 12 
2N 5039 5 140 75 20 20 100 10 
2N 5148 1 (4) 80 2 30 90 1 
2N 5150 1 (4) 80 2 70 200 1 
2N 5152 (6,7) 80 2 30 90 25 
2N 5154 (6.7) 80 2 70 200 2,5 
2N 5301 5 200 40 20 40 60 1 
2N 5302 5 200 60 20 40 60 ' 
2N 5303 5 200 80 20 40 60 1 
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TEXAS INSTRUMENTS 


ay 'ces © Vee Gehause Anwendungen 
min (IcEo) package applications, remarks 
MHz HA v 
ee 
3 700 60 TO-3P Verstarker, Schalter, komplementar zu TIP 36 B 
amplifier, switch, complementary to TIP 36 B 
3 700 100 TO-66P Verstarker, Schalter, komplementar zu TIP 36 C 
amplifier, switch, complementary to TIP 36 C 
3 400 40 TO-66P Verstarker, Schatter, komplementar zu TIP 42 
amplifier, switch, complementary to TIP 42 
3 400 60 TO-66P Verstarker, Schalter, komplementar zu TIP 422A 
amplifier, switch, complementary to TIP 42 A 
3 400 80 TO-66P Verstarker, Schalter, komplementa zu TIP 42 B 
amplifier, switch, complementary to TIP 42 B 
3 400 100 TO-66P Verstarker, Schaiter, komplementa& zu TIP 42 C 
amplifier, switch, complementary to TIP 42 C 
TO.3P 
TO-66 Komplementar 
T0-66 Endstufen 
hae A ae TO-66 for complementary output stages 
TO-66 
TO-66 
Bee eel ote ae, TO-66 
TO-66P 
TO-66P Darlington 
TO-66P 
TO-66P Verstarker, Schalter A 
TO-66P amplifier, switch Darlington 
TO-66P 
TO-3P 
TO-3P Darlington 
TO-3P 
Ht Ices @ Vve Gehause Anwendungen, Bemerkungen 
min (Iceo) package applications, remarks 
MHz uA Vv 
4 (1000) 80 T0-3 Verstarker, Schalter 
amplifier, switch 
50 (0,05) 40 TO-59 Fur Computeranwendung 
60 {0,05) 40 TO-59 komplementar zu 2N 4999, 2N 5001, 2N 5003, 2N S005 
60 (0,05) 40 TO-59 computer application 
70 (0,05) 40 TO-59 complementary to 2N 4999, 2N 5001, 2N 5003, 2N 5005 
60 50 140 TO-3 Verstarker und schnelle Schalter 
60 50 110 TO0-3 amplifier and high-speed switch 
50 (0,05) 40 TO-39 Fur Computeranwendung 
60 (0,05) 40 TO-39 komplementar zu 2N 5147, 2N 6149, 2N 5151, 2N 5153 
60 {0,05) 40 TO-39 computer application 
70 (0,05) 40 TO-39 complementary to 2N 5147, 2N 5149, 2N 5151, 2N 6153 
aK s & (5) 40 TO-3 Verstarker, Schalter 
4 (5) 60 T0-3 amplifier, switch 
4 (5) 80 TO-3 


EE ee 


TEXAS INSTRUMENTS 


Typ Ta = 25°C Te =259C VcEO Icp hFE @ Io 
type (100 °C) (100 °C) min max min max 

Ww Ww Vv A A 
2N 5685 5 300 60 50 15 60 25 
2N 5686 5 300 80 50 15 60 25 
2N 5758 5 150 100 6 25 100 3 
2N 8759 5 150 120 6 20 80 3 
2N 5760 5 180 140 6 18 60 3 
2N 6326 5 200 60 30 12 15 
2N 6327 5 200 80 30 12 18 
2N 6328 S 200 100 30 12 15 


PN-LEISTUNGSTRANSISTOREN (Hochvolt-Anwendungen) 
PN POWER TRANSISTORS (High-Voltage Applications) 


Prot 
Typ Tg = 25°C VcEO 'co here Ie 
type (Te = 100 °C) min max min max 
I te 
BD 410 20 325 1 30 240 0,05 
BD 253 50 200 4 15 1 
BD 253A 50 250 4 15 1 
8D 253B 50 300 4 15 1 
BD 253C 50 400 4 15 1 
TIP 660 125 200 5 500 3 
TIP 661 125 300 5 500 3 
TIP 662 125 400 5 500 3 
BU 105 (10) 1500 25 
BU 108 (12,5) 1500 5 
BU 126 50 750 6 “1s 60 1,0 
BUY 69A 100 1000° 10 15 ; 1.0 
BUY 698 100 800° 10 15 10 
BUY 69C 100 500° 10 15 10 _ 


TEXAS INSTRUMENTS 


a Ices @ VCE Gehause Anwendungen, Bemerkungen 

min {IcEo) package applications, remarks 

MHz BA Vv 

te goa ci A Ne ee SE eeeSSSFSCsOsS; 
0.15 { 1000) 30 T0-3 Verstarker, schneller Schalter 

0.15 (1000) 40 T0-3 komplementar zu 2N 5683, 2N 5684 


amplifier, fast switch 
complementary to 2N 5683, 2N 5684 


' (1000) 50 TO-3 Verstarker, schnelier Schalter 
| (1000) 60 TO-3 komplementar zu TIP 544, TIP 545, TIP 546 
1 (1000) 70 TO-3 amplifier, fast switch 
complementary to TIP 544, TIP 545, TIP 546 
3 (1000) 30 10-3 Verstarker, schneller Schalter 
3 (1000) 40 TO-3 komplementar zu 2N 6329, 2N 6330, 2N 6331 
3 (1000) 50 TO-3 amplifier, fast switch 


complementary to 2N 6329, 2N 6330, 2N 6331 


'T "Icev (Ice) Gehause Anwendungen, Bemerkungen 

min Ices @ Vee package applications, remarks 

‘rz _ mA Vv 

15 2 35 SOT-32 NF-Endstufen in Rundt.- v. FS.-Empfangern 
Vcso > 500 V 


for vertical outputs stages 
low-frequency final stages in broadcasting and TV receivers 


~~ ar Vcso > 500 V 
15 2 350 TO-3 Netzgerate und Inverter 
1S 2 500 T0-3 Power supply and inverter 
1S 2 700 T0-3 
15 2 900 TO-3 
{2) 100 TO-3 Verstarker, Schalter, Anwendung in Netzgeraten. 
(2) 200 TO-3 Hochvoltanwendung 
(2) 300 TO0-3 amplifier, switch, power supply 
high voltage 
1 1500 TO-3 Fernsehanwendung, Horizontal-Ablenkendstufen 
Wy 1500 T0-3 Schnetle Schalteranwendung bei hohen Stromen 
tr typ. 400ns bei Ic = 8A 
TV applications, horizontal-deflection output stage 
high-speed switching applications at high currens 
tT typ. 400 ns & I¢ = BA 
10 0,005 600 T0-3 Fur Schalteranwendungen und Netzgerate 
ae switch, power supply 
(1) 1000 TO-3 Fur Schalteranwendungen 
a) 800 TO-3 switching applications 


) 500 T0-3 


a a SF A ESE SRS 


TEXAS INSTRUMENTS 


39 


Typ Tg = 25°C Vceo tcp bre @ Ic 
type (Tc = 100 9C) min max min max 
Ww Vv A A 
BUY 70A 75 1000° 10 15 1,0 
BUY 708 75 800° 10 15 1,0 
BUY 70C 75 500° 10 15 1,0 
BUY 71 40 2200° 2 
BDX 31 40 2200° 4 
BOX 32 40 1700° 4 
2N 3439 Siehe Datenblatt Seite 2-301; See Data Sheet Page 2-301 
2N 3440 Siehe Datenblatt Seite 2-301; See Data Sheet Page 2-301 
2N 3583 2 35 175 1 40 200 0,5 
2N 3584 2 35 250 2 8 140 1 
2N 3585 2 35 300 2 8 140 1 
2N 3902 4 100 325 2.5 30 90 1 
2N 4240 2 35 300 2 6 240 0,75 
2N 5157 4 100 400 35 30 90 1 
2N 5241 4 125 325 5 15 35 25 
TIP 525 4 (690i 200 5 30 150 25 
531 a (350; 300 1s 20 12002~C*«*«“‘~STSS 
532 4 (150; 400 15 20 120 7,6 
P $33 4 (150: 300 15 20 120 75 
P 534 4 (150, 400 15 20 120 __ 75 
‘IP 535 5 (100; 200 75 20 100 5 
TIP 536 5 (100, 200 7,5 20 100 5 
TIP 537 5 (100 400 75 20 100 5 
TIP 538 5 (125; 200 15 20 100 75 
TIP 539 5 (125) 300 15 20 100 15 
TIP 540 5 (125) 400 15 20 100 75 
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“Icev UcEo) Gehause Anwendungen, Bemerkungen 


lces  v VcE package applications, remarks 
mA Vv 
(1) 1000 TO-3 Fir Schalteranwendungen 
a) 800 TO-3 switching applications 
(1) 500 TO:3 
1 2200 T0-3 Fernsehanwendung, Horizontal-Ablenkendstufen in Sw 
TV horizontal deflection black and white 
1 2200 TO-3 Fernsehanwendung, Horizontal-Ablenkendstufen in Farbgeraten 
1 1700 TO:3 Color TV horizontal deflection 
1 225 TO-66 Fir industrielle und militarische Amwendung 
1 300 TO-66 tor industrial and military application 
1 400 TO-66 
0,25 __ 400 TO-3 
2 400 TO-66 
0,5 700 TO-3 
___ 0,5 | 400 TO-3 
1 250 T0:3 Verstarker, schneller Schatter 
Deas amplifier, high-speed switch 
1 300 T0.3 Verstarker, schnelle Schaltanwendung, Netrgerate 
1 400 TO-3 amplifier, switch, power supply 
1 300 T0-3 
1 400 T0-3 
1 300 TO-3 
1 400 TO-3 
10 1 500 T0.-3 
1 300 T0-3 
1 400 TO-3 
1 500 TO.3 
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VHF-, UHF-ANWENDUNGEN 


VHF-, UHF APPLICATIONS 


Typ { Vcc Pin Pout 8VcBO BVCEQ = Gehause 
type MHz _— ae package 
BFW 16 CATV 40 25 TO.39 
BFW 17 CATV 40 25 TO-39 
BEX 89 CATV 30 15 70.72 
BFY 90 CATV 30 15 0-72 
BLW11 CATV 40 20 TO-39 
BLW 12 470 13 0.1 0.66 36 18 TO-131 
BLW 13 470 13 0,75 3.75 36 18 70.129 
BLW 14 470 13 2 7 36 18 TO-129 
BLW 16 175 13 01 1,4 40 20 TO-39 
BLW 17 175 13 01 2,0 36 18 TO-131 
BLW 18 175 13 0.5 5.0 36 18 T0117 
BLW 19 175 13 1,5 8.0 60 40 TO117 
BLW 20 175 13 7 25 36 18 10-117 
BLW 22 CATV 40 20 TO-117 
BLW 23 175 28 0.25 5 55 30 TO.117 
BLW 24 175 28 25 WW 60 40 TO.117 
BLW 25 175 28 7 40 65 35 145 
BLW 21 175 13,5 13,5 40 3G 18 145A.aCER 
BLX 65 470 12,5 0.5 2 36 18 TO.39 
LX 66 470 12,5 0,35 2.5 36 __ 18 80.105 
_X 67 470 12,5 0,35 2.5 36 18 SO. 104 
-Y 33 175 28 04 3 66 33 70:39 
-Y 34 175 13.8 06 3 40 20 TO:39 
LY 35 178 28 1,0 10 66 _ 33 _T0-60 
aly 36 175 13.8 4 13 40 20 TO 60 
BLY 37 470 238 1,5 6 65 36 TO.1N7 
BLY 38 470 13.8 05 2.0 36 18 10-117 
BLY 53A 470 13,8 2 7 36 18 $0-104 
BLY 55 175 13,8 06 4 40 20 TO-60 
BLY 57 175 13,6 2 7 36 18 TO-60 
BLY 58 175 13,6 4 12 36 18 TO-60 
BLY 59 400 28 1 3 65 40 TO-60 
BLY 60 175 28 35 13,5 65 40 TO-60 
BLY 61 175 13 0,1 1 36 18 T0:39 
BLY 62 175 13 1 5 36 18 TO-117 
BLY 63 175 13 5 15 36 18 TO-117 
BLY 74 400 28 1 3 65 40 TO-60 
BLY 76 470 28 04 2 66 36 TON? 
BLY 78 175 12 1 4 40 20 TO-60CE 
BLY 79 175 12 4 11 40 20 TO-60CE 
BLY 834A 175 13,8 45 7 66 33 $O-104 
BLY 84 175 13,8 4 13 40 20 SO-104 
BLY 85 175 13,8 0.4 4 40 20 $O-104 
BLY 87A 175 13,5 1 8 36 18 $0-104 
BLY 8B A 175 13,5 2,65 15 36 18 $0-104 
BLY 89A 175 13,5 5,75 23 36 18 SOF.56 
BLY91A 175 28 05 8 65 36 S0-104 
BLY 92A 175 28 15 15 65 36 $O-104 
BLY 93A 175 28 29 25 65 36 $0-56 
BLY 97A 175 24 0,2 4 66 33 $0-104 


SSS 
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TEXAS INSTRUMENTS 


eS 


Typ f Vcc Pin Pout 8UCB0 BUCEO = Gehause 
type MHz package 
2N 9137 T 250 20 01 04 40 20 TO-39 
50 50 2 1S 105 60 TO-60 
2N 3309 250 25 0,4 2 50 30 10.39 
2N 3375 400 28 1 3 65 40 TO-60 
2N 3553 175 268 0,25 25 60 40 TO-39 
2N 3632 175 28 35 13,5 65 40 70-60 
2N 3733 400 28 40 10,0 65 40 TO-60 
2N 3866 400 28 01 1,0 55 30 TO-39 
2N 3924 175 13,6 1 4 36 18 TO-39 
2N 3926 175 13,6 2 7 36 18 TO.60 
2N 3927 175 13.6 4 12 36 18 TO.60 
2n 4040 400 28 3 8 60 40 TO-117 
2N 4041 400 28 1 3,3 60 40 10-117 
2N 4127 175 25 25 13,5 60 40 TO-117 
2N 4128 175 25 6 24 60 40 10-117 
2N 4427, 175 12 0,1 1,0 40 20 T0.39 
2N 4428 500 268 0,075 0,75 55 35 T0.39 
2N 4429 1000 28 03 1,0 55 35 10-117 
2N 4430 1000 28 0.795 25 55 40 TO-129 
2N4431 1000 28 1,57 5.0 55 40 TO-129 
2N 4440 400 28 17 5 65 40 TO-60 
2n 4933 70 24 35 20 70 35 TO-60CE 
2N 5016 400 28 5 15 65 30 TO-60CE 
2N 5026 _ 50 28 25 25 90 50 TO-60cF 
2N 5070 30 28 25PEP 65 30 TO-60¢ 
2N 5071 70 28 3 24 65 30 TO-60 
2m 5090 400 28 0,2 1,2 55 30 T0-60 
2N5102 136 24 6 15 90 50 TO-60 
2N 5109 CATV 40 20 10-39 
QN5179 CAT TOT 
2N 5687 50 12.5 0,1 1,5 40 20 10-39 
2N 5688 50 12,5 0,26 5 40 20 TO-117 
2N S689 50 12,5 1,0 10 60 40 TO-117 
2N 5690 50 12,5 25 25 50 30 TO-128 
2N 5691 50 12,5 63 40 50 30 DIA-AL 
2N 5697 470 12,5 0,05 0,25 40 18 TO-39 
2N 5698 470 12,5 0,25 1,0 40 18 10-131 
2N 5699 470 12,5 1,0 35 40 18 TO-129 
2N 5702 175 12,5 0,38 1.5 36 18 10-39 
2N 5703 175 12,5 0,475 3,0 36 18 T0117 
2N 5704 175 12,5 3,75 12,0 36 18 TO-117 
2N 5705 175 12,5 10 25 36 18 70-128 
2N 5707 28 28 20PEP 70 50 10008 
2N 5708 28 28 40PEP 70 50 T0-128 
2N 5709 28 28 SOPEP 70 50 DIAAL 
2N 571 5 0,024 0,3 40 20 10-39 
2N Brit 15D 138 0,15 15 60 36 TO.117 
2N 5712 150 12.5 1,25 5,0 60 40 TO-117 
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Typ 
type 


2N 5713 
2N 5773 
2N 5774 
2N 5848 


Vcc Pin Pout BVcao BYCEQ — Gehause 
package 
13 34 W 60 40 TO-128 
28 0,12 15 65 35 TO-117 
26 1 8 65 35 TO-129 
12,5 3,25 20 48 24 145 


NF-TRANSISTOREN PNP/NPN 


Prot - 

Typ Tc - 25°C VcEO 'cb nFE woe 
type {100 °C) min max min max 

PNP NPN w v A ae A 
BD 136 BD 135 6.5 45 1 40 250 0,15 
BD 138 BD 137 65 60 1 40 160 0,15 
30 140 BD 139 65 80 1 400600 
sD 240 8D 239 30 -45 -2 40 0,2 
3D 240A BD 239A 30 -60 -2 40 0,2 
BD 2408 BD 2398 30 ~-80 -2 40 0,2 
BD 240C BD 239C 30 -100 SQ ct AO owe te OD: 
BD 242 BD 241 40 45 -3 25 1 
BD 242A BD 241A 40 -60 -3 25 1 
BD 2428 BD 2418 40 -80 -3 25 1 
BD 242C BD 241C 40 -1000 -3 8 es Ai. 
BD 244 BD 243 65 -45 -6 30 0,3 
BD 2444 BD 243A 65 60 -6 30 03 
BD 2448 BD 2438 65 -80 -6 30 0,3 
BD 244C BO 243C 65 -100 -6 a: ae 0,3 
BD 246 BD 245 80 -45 -10 40 1 
BD 246A BD 245A 80 -60 -10 40 1 
BD 246B BD 245B 80 80 -10 40 1 
BD 246C BD 245C 80 -100 10 40 1 
BD 250 BD 249 125 -45 25 25 15 
BD 250A BD 249A 125 -60 -25 25 15 
BO 2508 BD 249 B 125 -80 +25 25 1S 
BD 250C BD 249C 125 —100 -25 25 15 
BDX 14 30 -60 -3 25 100 05 
BDX 15 17 -70 -10 20 70 -4 


a SS 
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TEXAS INSTRUMENTS 


ICES @ 
(IcEO) 
HA 


Gehause 


Package 


SOT-32 
SOT-32 
SOT-32 


TO-66P 
TO-66P 
TO-66P 
TO-66P 


TO-66P 
TO-66P 
TO-66P 
TO-66P 


TO-66P 
TO-66P 
TO-66P 
TO-66P 


TO-3P 
TO-3P 
TO-3P 
TO-3P 


TO-3P 
TO-3P 
TO-3P 
TO-3P 


TO-66 
TO-3 


TEXAS INSTRUMENTS 


Pin Pout BVcBO BVcEQ —- Gehuse 
package 
40PEP 65 35 DIA-4L 


SOPEP 65 35 DIA-4L 
50 mA 748 40 w~ T0.39 


Anwendungen, Bemerkungen 
applications, remarks 


Prot = TC 65 OC 


Verstarker und Schalter 
amplifier and switch 


Schalter, Verstarker, komplementar 2N 3054 
Schalter, Verstarker, komplementar 2N 3055 
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Typ 


Pron @ 
Taz=25 °C 


Te=25 9C VCEO Icp hee € tc 
type {100 °C) (100 °C) min max min max 
PNP NPN Ww Ww Vv A A 
TIP 527 4 (60) —200 -8 20 100 4 
TIP 544 5 150 ~100 -6 25 100 ~3 
TIP 545 5 150 -120 -6 20 80 -3 
TIP 546 5 150 -140 -6 16 60 -3 
Tip 645 TIP640 5 175 - 60 -10 10° -5 
TIP 646 TIP641 5 175 - 60 —10 10° -5 
TIP 647 TIP 647 5 175 -100 -10 10° -$ 
2N 3789 150 - 60 -10 25 90 -1 
2N 3790 150 - 80 -10 26 90 -1 
2N 3791 150 - 60 -10 50 180 -1 
2N 3792 150 - 80 -10 50 180 -1 
2N 4901 87,5 - 40 -5 20 80 -! 
2N 4902 87,5 - 60 -5 20 80 -I 
2N 4903 87,5 ~- 80 -§ 20 80 -1 
2N 4904 87.5 - 40 -5 25 100 -1 
2N 4905 87,5 — 60 -5 25 100 ~1 
@N A906) 5 BS BOL 1 ca 
2N 4999 2 (20) 80 2 30 90 1 
2N 5001 2 (20) 80 2 70 200 1 
2N 5003 (33,3) 80 5 30 90 25 
2N 5005 (33,3) 80 5 70 200 25 
2N 5147 1 (4) 80 2 30 90 1 
2N 5149 1 {4) 80 2 70 200 1 
2N 5151 1 (6,7) 80 5 30 90 2,5 
2N 5153 1 (6,7) 80 5 70 200 25 
2N 5333 (15) - 80 -5 30 120 -1 
2N 5683 5 300 - 60 -50 15 25 
2N 5684 5 300 - 80 ~S0 15 -25 
2N 6329 5 200 — 60 --30 12 -15 
2N 6330 5 200 - 80 ~-30 12 -15 
2N 6331 5 200 —100 -20 12 15 


a ———ee  : 
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TEXAS INSTRUMENTS 


1 'ces © VcE Gehause Anwendungen, Bemerkungen 
min (Iceo) package applications, remarks 
MHz HA Vv 
40 {- 500) —100 TO-3 Verstarker, schneller Schalter 
amplifier, switch 
1 {— 5000) - 50 TO-3 
1 {— 5000} ~- 60 T0-3 Verstarker, Schalter 
amplifier, switch 
1 {— 5000) - 70 TO-3 Komplementar zu 2N 5758, 2N 5759, 2N 5760 
complementary to 2N 5758, 2N 5759, 2N 5760 
1 (— 2000) - 30 TO-3 Verstarker, Schalter, Anwendung in Netzger. 
1 (-— 2000) - 40 TO-3 Komplementar zu TIP 640, TIP 641, TIP 642 
1 (-— 2000) ~- 50 amplifier, switch, power supply 
complementary to TIP 640, TIP 641, TIP 642 
{-- 10000) - 30 TO:3 Verstarker, Schalter 
(-— 10000) - 40 T0-3 amplifier, switch 
(- 10000) - 30 TO-3 
{-— 10000) - 40 T0:3 
eres (— 1000) - 40 10:3 
(— 1000) - 60 10-3 
(— 1000) — 80 T0O-3 
(-- 1000) - 40 T0-3 
(— 1000) - 60 10:3 
wo eee. (= 1000) - 80 TO-3 
50 (0,05) 40 TO-59 Fir Computeranwendung 
60 (0,05) 40 TO-59 komplementar zu 2N 4998, 2N 5000 
computer application 
complementary to 2N 4998, 2N 5000 
60 (0,05) 40 TO-59 Fir Computeranwendung 
70 (0,05) 40 TO-59 komplementar zu 2N 5002, 2N 5004 
computer application 
complementary to 2N 5002, 2N 5004 
50 (0,05) 40 70-39 For Computeranwendung 
60 (0,05) 40 TO-39 komplementir zu 2N 5148, 2N 5150 
computer application 
complementary to 2N 5148, 2N 5150 
60 (0,05) 40 TO.39 Fir Computeranwendung 
70 (0,05) 40 TO-39 komplementir zu 2N 5152, 2N 5154 
computer application 
complememtary to 2N 5152, 2N 5154 
30 - 10 - 90 TO5 Verstarker, Schalter 
amplifier, switch 
2 (- 1000) - 30 10-3 Verstarker, schneller Schalter 
2 (— 1000) - 40 TO-3 komplementar zu 2N 5685, 2N 5686 
amplifier, high-s peed switch 
complementary to 2N 6685, 2N 6686 
3 {- 1000) - 30 T0-3 Verstirker, schneller Schalter 
3 {— 1000) - 40 TO-3 komplementar zu 2N 6326, 2N 6327, 2N 6328 
x} (- 1000) - 50 T0-3 amplltler, high-speed switch 


complementary to 2N 6326, 2N 6327, ZN 6328 
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THYRISTOREN 
THYRISTORS 


Tye IT VDAM ITSM IGT max 
type A v A mA 
2N 3001 0,35 30 6 0,02 
2N 3002 0,35 60 6 0,02 
2N 3003 0,35 100 6 0,02 
2N 3004 0,35 200 6 0,02 
2N 3005 0,35 30 6 0,2 
2N 3006 0,35 60 6 0,2 
2N 3007 0,35 100 6 0,2 
2N 3008 0,35 200 6 0,2 
TIC 44 0.6 30 6 0,2 
TIC 45 0.6 60 6 0,2 
TIC 46 0,6 100 6 0,2 
TIC 47 0.6 200 6 0,2 
TIC 60 0,8 30 6 0,2 
TIC 61 08 60 6 0,2 
TIC 62 08 100 6 0,2 
TIC 63 08 150 6 0,2 
TIC 64 0,8 200 6 0,2 
2N 5060 0,8 30 6 0,2 
2N 5061 08 60 6 0,2 
‘N 5062 0.8 100 6 0,2 
N 5063 0.8 150 6 0,2 
‘N 5064 0.8 200 6 0,2 
N 1595 1 50 15 10 
-N 1596 1 100 18 10 
2N 1597 1 200 15 10 
2N 1598 1 300 18 10 
2N 1899 1 400 18 10 
TI 145 AO 1,6 $0 30 25 
TI 145 A1 1.6 100 30 25 
TI 145 A2 1.6 200 30 25 
Th145A3 1.6 300 30 25 
TIL 145 A4 1,6 400 30 25 
TIC 39 Y 2 30 20 0,2 
TIC 39F 2 so 20 0,2 
TIC 39 A 2 100 20 0,2 
TIC 398 2 200 20 0,2 
TIC 39C 2 300 20 0,2 
TiC 390 2 400 20 0,2 
TIC 106 Y 5 30 30 0,2 
TIC 106 F 5 50 30 0,2 
TIC 106A 5 100 30 0,2 
TIC 106 B 5 200 30 0,2 
TIC 106 C 5 300 30 0,2 
TIC 106 D 5 400 30 0,2 
TIC 116 Siehe Datenblatt Seite 2-155; See Data Sheet Page 2-155 
TIC 126 Siehe Datenblatt Seite 2-155; See Data Sheet Page 2-155 
TIC 236 Siehe Datenblatt Seite 2-165; See Data Sheet Page 2-165 
TIC 246 Siehe Datenblatt Seite 2-165; See Data Sheet Page 2-165 
TIC 253 Siehe Datenblatt Seite 2-167; See Data Sheet Page 2-167 
TIC 263 Siehe Datenblatt Seite 2-167, See Data Sheet Page 2-167 


a SD 


TEXAS INSTRUMENTS 


VGT max 1} max VT max & Gehause 
v mA Vv package 
0,7 3 12 TO-18 
0,7 3 1,2 70-18 
07 3 1,2 TO-18 
07 3 1,2 10-18 
08 5 1,2 T0-18 
0.8 5 1,2 TO-18 
08 5 1,2 TO-18 
08 5 1,2 10-18 
08 5 1,4 Sitect 
08 5 1,4 Silect 
08 5 1,4 Silect 
08 5 1,4 Silect 
0.8 5 7 TO0-92 
08 5 1,7 TO-92 
0.8 5 1,7 T0-92 
0.8 5 1,7 TO-92 
08 5 1,7 TO-92 
08 5 1,7 TO-92 
08 5 1,7 TO-92 
08 5 1.7 10.92 
08 5 1,7 TO-92 
08 _ 5 1,7 TO-92 
3 25 2 105 

3 25 2 10-5 

3 25 2 TO-5 

3 25 2 TO-5 
3 25 2 TO-5 
35 25 2 TO-5 
35 25 2 TO-5 
35 25 2 10-5 
35 25 2 TOS 
35 25 2 TO-5 

1 5 1.75 TO-39 
' 5 1,75 10-39 
1 5 1,75 T0-39 
1 5 1,75 10-39 
1 5 1,75 T0-39 
a ne ee 
t 5 17 TO-66P 
1 5 17 TO-66P 
1 5 1,7 TO-6G6P 
1 5 17 TO-66P 
1 5 17 TO-66P 
1 5 1,7 TO-66P 


’ 
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TRIACS 


Typ IT(AMS) Vorm ITSM IGT max IGT typ. 
Luu Vv 

type A v A mA mA 

TIC 2268 8 200 70 50 75 

TIC 226D 8 400 70 50 75 


a TT 
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VGT max VGT max VIM @ it™ 
ul uu IV max 

v Vv v A 
2,5 2,1 12 
25 21 12 


BB l32F 


Gehauss 
package 


TO-66P 
TO-66P 


ps SSD 
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Gehausezeichnungen 


\ 
i 136 


TOS 


TEXAS INSTRUMENTS 3-26 
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Texas INSTRUMENTS 3.27 
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